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Executive Summary

Consistent with national trends, from 2000 to 2007 Pennsylvania’s motorcycle crashes increased
by 44.6% (PA Legislative Budget and Finance Committee Report, June 2008). One important
route to increase motorcycle safety begins with an examination of the effectiveness of the
Pennsylvania Motorcycle Safety Program (PAMSP). The PAMSP, in operation since 1985, is
intended to help improve driving habits among motorcyclists by teaching drivers of all
experience levels the fundamental knowledge and skills needed to reduce risk and to operate
safely. Two courses are offered, a Basic Rider Course (BRC) geared toward beginning
motorcycle drivers and an Experienced Rider Course (ERC) that emphasizes advanced skills.
This report describes an evidence-based evaluation that integrates quantitative and qualitative
information with a goal of formulating practical strategies and techniques to improve the
PAMSP, motorcycle driver education, and other practices related to motorcycle safety.

Although helmet use (i.e., wearing a helmet) is an important motorcycle safety factor of enduring
national concern, helmet use was not a primary focus of this study. Instead, helmet use as a
factor in motorcycle crash outcomes was studied along with other factors such as driver
demographics (e.g., age, gender), driving records (i.e., previous driving violations and sanctions),
driver choices (e.g., having a proper license, whether to drink and ride), and driver actions (e.g.,
speeding, over- or under-compensation at curve, other improper driving).

Literature Review

A literature search on the effects of skill and safety training on subsequent driver behavior was
conducted. The literature search addressed such topics as factors implicated in motorcycle
crashes, effectiveness of safety training courses, and driver characteristics associated with
propensity to engage in unsafe driving behavior. The literature search yielded 350 studies,
reports, and citations that were summarized in the Task 1. Literature Review report.

Survey of Other State Motorcycle Safety Programs

A survey to collect information from other state motorcycle safety programs was conducted.
This survey, completed by 25 states, gathered information about their motorcycle safety training
programs and licensing practices, and evidence available regarding the effectiveness of these
programs and practices. Appendix A includes the survey and a summary of responses.

Observations of Basic and Experienced Rider Courses

Researchers attended the BRC and ERC at five locations across Pennsylvania as observers.
These observations provided us with first-hand experience of instructional methods, course
content, and student reactions to these courses, as well as variability in training practices across
locations. Both the BRC and ERC curricula accommodate three basic learning styles: visual,
auditory, and kinesthetic. The courses and instructors accomplished this through the use of
videos and demonstrations (visual); lecture, group discussion, stories, questions/answers
(auditory); and activities and outdoor exercises (kinesthetic). This well-rounded approach leads
to maximum comprehension and retention. These observations plus our review of training



materials such as the BRC Rider Handbook and the ERC Classroom Cards, lead us to conclude
that both courses are effective and worthwhile. We were particularly impressed as we watched
students who had never been on a motorcycle at the beginning of a BRC course learn to become

competent drivers by the end. We were equally impressed by the skill, care, and professionalism
of BRC and ERC instructors.

Analyses of Safety Data

Analyses of driver records, training records, and crash records were conducted to answer several
specific research questions that collectively elaborate the general theme of whether the PAMSP
is effective in creating safer drivers. Data were provided by three sources:
e motorcycle crash records from PennDOT’s Bureau of Highway Safety and Traffic
Engineering (BHSTE)
e driving records from PennDOT’s Bureau of Driver Licensing (BDL)
e training records from the PAMSP

For analysis purposes, the databases of crash, driver, and training records were organized into
three data sets, each of which represented a subset of the overall population of interest (i.e., PA
motorcycle drivers):
Data Set 1
e included 726,248 drivers with a Pennsylvania license and a Class M-related Business
Action Code (MBAC; typically granting or renewing a Class M license or permit) at
some point during the period 1990-2007;
e answered questions about whether motorcycle crashes are related to driver attributes such
as violations and sanctions.
Data Set 2
e included 282,111 drivers with a Pennsylvania license (of any class) who registered with
the PAMSP during the study period;
e answered questions about whether drivers who passed one or more PAMSP courses were
less likely to crash on a motorcycle than those who did not take or complete any courses.
Data Set 3
e included 27,762 drivers with a Pennsylvania license (of any class) who crashed as a
driver of a motorcycle in Pennsylvania from 1997 to 2007;
e answered questions about relationships among drivers’ violation and sanction histories,
motorcycle training histories, and characteristics of crashes such as crash severity.

A variety of data analysis techniques were used, including descriptive statistics (frequency
distributions, measures of central tendency, variability, and association), logistic regression
analyses (to test relationships between the likelihood of a crash and [a] driving records, and [b]
PAMSP participation), and covariance structure modeling (to investigate relationships among
factors related to crash outcomes). In our opinion, the findings and conclusions of these various
approaches to the analyses are robust due to the large samples upon which they are based.



Summary of Major Findings

Key findings of Data Set 1 analyses of driving records:
e aggressive driving (according to records of driving violations) increases the likelihood of
a motorcycle crash;
e however, drivers with more violations may simply ride more, increasing crash likelihood
due to greater exposure.

Key findings of Data Set 2 analyses of PAMSP records:
e drivers with higher PAMSP knowledge test scores were slightly less likely to crash;
e drivers with higher PAMSP skill test scores were slightly more likely to crash, probably
because they ride more and may be more likely to crash due to greater exposure.

Key findings of Data Set 3 analyses of crashes:

e DUI at time of crash had a greater impact on injury severity than any other contributing
factor in a crash, regardless of type of crash or type of motorcycle;

e the strongest influence on DUI at time of crash is the number of DUI convictions on a
driver’s record;

e drivers who passed a PAMSP course were substantially /ess likely to be DUI than drivers
who did not take or pass a PAMSP course;

e inexperienced drivers were somewhat more severely injured than experienced drivers,

according to judgments of investigating officers recorded on crash reports;

speeding drivers were more severely injured than drivers who were not speeding;

DUI drivers were more likely to speed than non-DUI drivers;

younger drivers were more likely to speed than older drivers;

drivers with MBAC were somewhat less severely injured than drivers without MBAC;

MBAC drivers were substantially less likely to be DUI at time of crash than drivers

without MBAC;

e amotorcycle driver can substantially reduce his or her chances of severe injury and death
in a crash, by not drinking and riding, not speeding, being properly trained and licensed,
and wearing proper and highly visible protective gear;

¢ information about odds of severe injury in a crash based on individual risk profiles can be
used to educate drivers and help them to make better and smarter riding choices.

Strategy Development

Three primary themes underlie our suggestions for improvement strategies and techniques:

e First, the population of Pennsylvania motorcycle drivers is actually several distinct
subpopulations that differ from one another along dimensions of driver age and gender,
types of motorcycles driven, and past driving records.

e Second, understanding individual crash risk profiles based on factors like age, gender,
and past driving record would be beneficial to drivers, to PennDOT, and to others who
promote motorcycle safety.



Third, to effectively address subpopulations of motorcycle drivers and account for their
individual risk profiles, PennDOT must have better data concerning individual driving
records that pertain to motorcycle driving.

Our improvement strategies are organized in terms of motorcycle driver education and training,
program administration, and licensing and enforcement:

Motorcycle Driver Education and Training

Publicize PAMSP courses and their benefits.

Expand the PAMSP capacity, with more classes offered to accommodate greater demand
due to increased marketing.

For the BRC and ERC, expand the material devoted to conspicuity, alcohol intoxication,
and the hazards of speeding and associated risk of injury and death.

Develop a self-assessment of crash risk tool and make it available via the PAMSP
website, BRC and ERC courses, and other venues as appropriate.

Consider offering a wider range of PAMSP courses to accommodate experienced
motorcycle drivers who wish to improve their skills.

Require an unlicensed motorcycle driver who is charged with a driving violation to take
and pass a PAMSP course, thereby receiving a Class M license, or face a 30-day license
suspension.

Publicize the law and penalties for driving a motorcycle without a proper license/permit.

PAMSP Administration

Use market segmentation in educational and outreach efforts for motorcycle safety
messages, directed toward aspiring motorcycle drivers, drivers without a proper license
or permit, drivers unlikely to enroll in a PAMSP course, sport bike drivers, cruiser
drivers, novice drivers, and drivers with poor driving records.

Establish a speakers’ bureau to make knowledgeable experts available to motorcycle
enthusiast and other interested community groups for presentations on motorcycle safety.
Expand PennDOT’s capabilities for recording and utilizing information stored in driving
records concerning motorcycle drivers.

Track improvements in motorcycle safety using enhanced violation records and crash
statistics. Relate these to market segments to determine the effectiveness of safety
improvement initiatives by segment.

Licensing and Enforcement

Work with partners to address unlicensed motorcycle, DUI, and speeding drivers through
better enforcement of existing laws.

Work with partners such that when a motorcycle encounters a checkpoint (of any type)
and the driver is found to be improperly licensed, the officer should have available
information brochures for licensing and PAMSP training.

Screen for motorcycle drivers at departmental hearings (speed hearings, young driver
hearings, Type Il and Type III hearings, etc.). For any driver who committed a DUI,
speeding, or reckless driving violation while driving a motorcycle, the examiner should
review the driver’s record, counsel the driver on safe riding, and present the driver with
two options: (a) pass a PAMSP course, or (b) receive a 60-day license suspension.



Introduction

Consistent with national trends, from 2000 to 2007 Pennsylvania’s motorcycle crashes increased
by 44.6% (PA Legislative Budget and Finance Committee Report, June 2008). Nationwide,
deaths from motorcycle crashes have more than doubled in the past dozen years. The National
Agenda for Motorcycle Safety Implementation Guide, jointly sponsored by the Motorcycle
Safety Foundation (MSF) and the National Highway Traffic Safety Administration (NHTSA),
reported that 80% of motorcycle crashes injure or kill a motorcycle driver.! Considering these
alarming statistics, it is imperative to pursue every possible avenue to increase motorcycle driver
safety. One important route begins with an examination of the effectiveness of the Pennsylvania
Motorcycle Safety Program (PAMSP). This report describes an evidence-based evaluation that
integrates quantitative and qualitative information with a goal of formulating practical strategies
and techniques to improve the PAMSP, driver education, and other practices related to
motorcycle safety.

The PAMSP, in operation since 1985, is intended to help improve driving habits among
motorcyclists by teaching drivers of all experience levels the fundamental knowledge and skills
needed to reduce risk and to operate safely. Two courses are offered, a Basic Rider Course
(BRC) geared toward beginning motorcycle drivers and an Experienced Rider Course (ERC) that
emphasizes advanced skills. Pennsylvania’s program conforms to the MSF’s training curricula
as revised in 2001. Through an evaluation of the effectiveness of the PAMSP and by
implementing the improvement strategies and techniques that follow from it, PennDOT
endeavors to decrease the number of motorcycle crashes resulting in death or injury.

A literature search on the effects of skill and safety training on subsequent driver behavior was
conducted. The literature search addressed such topics as factors implicated in motorcycle
crashes, effectiveness of safety training courses, and driver characteristics associated with
propensity to engage in unsafe driving behavior. A survey/questionnaire to collect information
from other state motorcycle safety programs was conducted. This survey, completed by 25
states, gathered information about their motorcycle safety training programs and licensing
practices, and evidence available regarding the effectiveness of these programs and practices.

A series of meetings were held among the researchers, the project Technical Advisor, and other
key stakeholders responsible for administering the PAMSP for purposes of planning project
activities and reviewing progress. We attended BRC and ERC classes as observers to gain first-
hand knowledge of current training practices.

Although evidence-based decisions are central to achieving the stated purpose of evaluating
“...whether the MSP is effective in creating safer drivers” (RFQ 06-10 [CO1], p. 14), it is
important to note the characteristics of the data available and their ability to support valid
inferences about driver behavior and training program effectiveness. For example, until recently
PennDOT did not measure annual motorcycle miles driven by drivers with Class M licenses.
Because of this, it was not possible to calculate the probability of a motorcycle crash for each

! The focus of this research is drivers of motorcycles, rather than passengers. Therefore, the term “motorcycle
driver” is generally used rather than “motorcycle rider,” to distinguish motorcycle drivers from passengers (because
both are riders).

10



driver relative to the number of miles he or she has driven (what might be called exposure). This
limited our ability to draw conclusions about factors that affect crash probability. Most of our
analyses therefore focused on factors implicated in motorcycle crashes, using data available from
crash records.

Crash records provided results criteria that directly relate to PennDOT’s overall objectives of
increasing roadway safety and reducing crashes and fatalities. Driver records, including
individual histories of violations and sanctions, are indicators of safe and unsafe driving habits
and can thus be classified as behavior criteria. Crash records and driver histories made important
contributions to evaluation of the PAMSP and to understanding factors implicated in motorcycle
crashes. A number of specific research questions were addressed that collectively elaborated the
basic issue of PAMSP effectiveness.

Figure 1 shows the flow of project activities. As described in detail in the task descriptions that
follow, several sources of information were brought to bear in evaluating the effectiveness of the
PAMSP and formulating strategies and techniques for improvement. These include available
literature on causes of motorcycle accidents and factors that influence the success of safety
training programs, review of best practices of other state departments of transportation and
departments of motor vehicles, interviews and consultations with key stakeholders, observations
of current training practices, and analyses of records of motorcycle drivers. In their entirety,
these activities informed a set of strategies and techniques for PAMSP improvements and other
steps that PennDOT might take to improve motorcycle safety.

11



Figure 1. Project Plan: Evaluation of Pennsylvania’s Motorcycle Safety Program

Task

Project Activities

1. Literature
Review

2. Analysis of
Safety Data

3. Strategy
Development

4. Final Report
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Provide Summary Report

_________________________________________________________________________________________
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Specific Driver Behavior Hypotheses Records
|
v

Analyses of the Effectiveness of the MSP

« Test for differences in behavior and results criteria due to
+ Basic Rider Course Completion
« Experienced Rider Course Completion
» Type of License
« Determine relative effects of training and mediating
factors on subsequent “"good” and “bad” driver behaviors
« Test hypotheses of effects of training on duration of
subsequent safe driver behavior intervals
+ Determine effects of training on driver histories—
individual patterns of subsequent violations and crashes

¢

Interim Report Summarizing Results of Analyses

________________________________________ Lo
| /
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with Technical Advisor Qualifications to be a Rider/Coach
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Task 1: Literature Review

A literature search on the effects of skill and safety training and related factors on motorcycle
driver behavior was conducted. This focused on topics relating to this central issue, including:

e Design of safety training courses for motorcycle drivers

e Factors implicated in motorcycle crashes

e Effectiveness of driver skills training programs for various types of vehicles
(motorcycles, as well as other types of vehicles)

e Effectiveness of driver safety education programs for various types of vehicles
(motorcycles, as well as other types of vehicles)

e Attitude change and safe driving behavior

e Driver characteristics (age, gender, experience) and propensity to engage in unsafe
driving behavior

Published and unpublished studies were sought from such literature domains as psychology and
human factors, safety and crash prevention, insurance, and law enforcement in domestic and
international books and journals. Of particular importance were searches of transportation
resources such as the Transportation Research Board’s (TRB) TRIS database and for current
research, the TRB Research-in-Progress database, and others such as the International Transport
Research Documentation database.

The literature search yielded 350 studies, reports, and citations that were summarized in the Task
1: Literature Review report (printed as a separate stand-alone document dated September 5,
2007). This report is organized into three sections:
L Introduction;
II. Synopsis of Findings: What the Literature Says about Factors Implicated in Risky
Driving Behavior, including Motorcycle Driving;
I1I. Listing of References, Abstracts, and Relevant Topics of Articles and Reports Cited

Figure 2 provides a conceptual model of antecedent factors associated with safe, risky, and
unsafe motorcycle riding behavior, and consequences of this behavior. Bold arrows from (a)
Safe — Legal behavior to Successful Ride, (b) Risky — Legal behavior to Crash (Injury and
Property Damage) and Fatal Crash, and (c¢) Unsafe — Illegal behavior to Violation, Crash (Injury
and Property), and Fatal Crash convey our expectations concerning the relative likelihood of
behavior — outcome relationships. Riding in an unsafe and illegal manner increases the
likelihood of being cited with a violation. Riding in a risky but legal, or unsafe and illegal,
manner increases the likelihood of being involved in a crash. Riding in a safe and legal manner
increases the likelihood of completing a successful ride. Non-bold arrows from behavior to
outcomes acknowledge that each behavior type can yield each outcome type. Unsafe and illegal
riding behavior can, and usually does, result in a successful, event-free ride. Safe and legal
riding sometimes results in a fatal crash. From a safety improvement perspective, bold arrows
relate to the anticipated benefits of efforts to (a) encourage safe riding practices and (b)
discourage unsafe practices. The dashed arrow from Injury and Property Damage Crashes to
Violations indicates that motorcycle drivers involved in crashes are cited with violations only if
they are determined to have engaged in illegal behavior that contributed to the crash.
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A survey/questionnaire to collect information from other state motorcycle safety programs was
conducted. This survey, completed by 25 states, gathered information about their motorcycle
safety training programs and licensing practices, and evidence available regarding the

effectiveness of these programs and practices. Appendix A includes the survey and a summary
of responses.
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Figure 2. Model of Motorcycle Safety
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Task 2: Analysis of Safety Data

The basic research question posed by PennDOT is summarized on p. 14 of the RFQ as
determining “...whether the training program is effective in preventing fatal crashes or
those resulting in injury” and “...whether the MSP is effective in creating safer drivers.”
Evidence-based answers to these questions require defining the population of interest.
The population determines the data that must be gathered to answer the research question.

Defining the Population

There are several possible ways to define the population:
¢ all motorcycle drivers who have been involved in crashes resulting in injuries or
fatalities;
e all motorcycle drivers who have completed either the BRC or ERC;
e all drivers who possess (or have possessed) a Class M license or Class M learner’s
permit.

The third definition is the broadest in that it encompasses the greatest number of drivers.
Because of the logic underlying the analyses proposed below, the broadest definition is
preferable. We define the population of interest as all drivers who possess or who have
possessed a Class M License and/or Class M learner’s permit at any time during the
period 1990-2007, plus any driver in possession of a different class of Pennsylvania
license or permit who has been involved in a motorcycle crash as a motorcycle driver.

An inclusive definition of the population of interest is dictated by the requirements of
research designs to test the effectiveness of the PAMSP. Most fundamental of these is
the ability to compare motorcycle drivers who have had safety training to those who have
not. The basic research hypothesis is that those who successfully completed safety
training are safer drivers and have fewer crashes than those who did not successfully
complete training and those who had no training. Testing this hypothesis requires records
for all motorcycle drivers, including those who have and have not attended safety
training.

Criteria for Training Program Effectiveness

Closely related to the population definition is the issue of the factors or variables on
which to compare drivers. Although a crash can be an indicator of unsafe driving, other
measures of unsafe driving are available and should be included in a comprehensive
study. Driver histories include violations and associated points and sanctions. If a
motorcycle driver operates in an unsafe manner, it is likely that evidence of this unsafe
driving appears in PennDOT’s driver history records. Note that driver records do not
indicate the type of vehicle driven at the time of a violation. Thus, the records do not
reveal whether a Class M driver with three speeding violations was operating a
motorcycle when any or all of those violations occurred. It is nevertheless reasonable to
infer that a driver with several violations operates less safely than a driver with no
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violations; if both drivers possess Class M licenses, safe and unsafe driving habits are
probably as true for motorcycle operation as for other types of vehicles.

Any assessment of training program effectiveness requires definition and measurement of
one or more effectiveness criteria. Kirkpatrick (1959) provided a well-known typology
of four “levels” of training effectiveness criteria: reaction, learning, behavior, and results.
These can be ordered along a continuum from individual subjective judgments at one end
to organizationally-relevant objective outcome measures at the other (hence the term
levels of criteria).

* Reaction criteria are trainees’ opinions of a training program, whether they
liked or disliked it, whether they thought they learned anything of value from
it, whether they regarded the instructor as knowledgeable, etc. Reaction
criteria are typically measured by attitude questionnaires at or near the end of
the course.

= Learning criteria are measures of the amount of learning of principles, facts,
techniques, skills, and attitudes that were identified as training objectives.
There are many ways to measure learning criteria, including paper-and-pencil
tests of knowledge, observations and ratings by instructors or others who
monitor trainee progress, electronic records of skill acquisition such as proper
lane positioning during an exercise in a driving simulator, and so on.
Learning criteria are typically measured during and/or upon completion of a
training program.

= Behavior criteria include measures of “real-world” performance after
completion of a training program. Because virtually all training programs are
intended to impart valuable knowledge and/or skills, behavior criteria assess
post-training performance in the transfer setting. Examples include a
supervisor’s rating of job performance, successful completion of a new task
assignment, and time to achieve an acceptable level of task proficiency. A
very broad array of specific behavior criteria is possible; however, all measure
aspects of performance that are specifically relevant to training course
objectives.

»  Results criteria relate the results of a training program to organizational
objectives. Organizations invest resources in training programs, and results
criteria measure returns on those investments. Examples include production
costs, efficiency, quality, and error/scrap rates. In designing a training
program it is important to identify results criteria that clearly relate to training
objectives and that can serve as “bottom-line” measures of training
effectiveness.

Crash records provide results criteria that directly relate to PennDOT’s overall objectives

of increasing roadway safety and reducing crashes and fatalities. Driver histories are
indicators of safe and unsafe driving habits and can thus be classified as behavior criteria.
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Crash records and driver histories will make important contributions to a comprehensive
evaluation of the PAMSP. These results and behavior criteria are complementary,
together yielding a richer evaluation of program effectiveness than either alone could
provide. The knowledge and skills tests administered at the completion of the BRC are
learning criteria. Finally, although reaction criteria are measured by student evaluations,
we were not provided with these data.

Driver, Training, and Crash Records

During initial consultations with the Technical Advisor we discussed the records
available for this population and the specific data these records contain. Driver records
(including violations and sanctions) were provided for all Class M and permit drivers
since 1990. Records for drivers who registered with the PAMSP since 2004 were
provided. Crash records for all drivers who crashed while driving a motorcycle in
Pennsylvania between 1997 and 2007 were provided.

We created a database to organize and store all relevant information for each driver. This
database facilitated statistical analyses to evaluate the effectiveness of the PAMSP. To
perform such analyses, relevant data were coded to create independent and dependent
variables for each record. Examples of variables that were coded for each driver include
number of sanctions, severity of crash (injuries, fatalities), helmet use, DUI, and type of
motorcycle.

Analyses of Motorcycle Safety Program Effectiveness

Analyzing driver and crash records to reach meaningful conclusions about training
program effectiveness that support practical and useable improvement strategies and
techniques requires a sophisticated analytic approach. Analyses of driver records,
training records, and crash records were conducted to answer several specific research
questions that collectively elaborate the general theme of whether the PAMSP is effective
in creating safer drivers.

Data were provided by three sources:
e motorcycle crash records from PennDOT’s Bureau of Highway Safety and Traffic
Engineering
e driving records from PennDOT’s Bureau of Driver Licensing
e training records from the PAMSP

Each dataset was provided in a unique format.

PennDOT Crash Data

PennDOT’s Bureau of Highway Safety and Traffic Engineering (BHSTE) provided
copies of eleven years of crash records. A separate Microsoft Access database for each

year was provided. These databases were cleansed of identifying information for
individual drivers such as name, social security number, address, etc.; only data pertinent
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to analyses was retained. Once cleansed, queries were run to pull out only those crash
records relating to motorcycle crashes and the person driving the motorcycle involved in
the crash. A master Motorcycle-Only Crash database was created using these queries.

PennDOT Driver Records Data

PennDOT’s Bureau of Driver Licensing provided copies of driver records for all drivers
issued a Pennsylvania Class M license or permit since 1990. Separate delimited text files
were provided for driver information (e.g., driver license numbers), driving history (e.g.,
records of convictions for violations and sanctions imposed by PennDOT), and product
information (e.g., licenses and permits issued). Processing these data was time
consuming since there were about 1.5 million motorcycle license/permit holders included
in this dataset, along with their driving histories (another 5.5 million records). All of the
text files were imported into both Microsoft SQL Server and Microsoft Access for
processing. Since these data were from a legacy system all date fields needed to be
converted to analyzable formats. To prepare for analyses, many new variables were
created (e.g., total numbers of violations and sanctions per driver, rates of violations and
sanctions per unit of time).

PAMSP Training Data

The PAMSP provided a full backup of its Microsoft SQL Server database which included
all of the training records since 2004. This database was imported into Microsoft SQL
Server, and cleansed of all identifying information for individual drivers. To prepare for
analyses, many new variables were created (e.g., total number of rider courses enrolled
per driver, number of passing grades, best knowledge and skill test scores for drivers who
took multiple courses).

Relating Multiple Databases

Once all three data sources were imported into a single common database, all of the data
were related based on driver license numbers, since this is the common unique identifier
for a person across all of the databases. Having one common database allowed the
creation of even more variables for analysis, such as elapsed time from passing a PAMSP
course to crashing while driving a motorcycle, elapsed time from M-license issuance to
crashing while driving a motorcycle, etc. The common database also allowed queries to
be run to cut the data in many different ways in order to answer the many questions posed
of the data. To answer specific questions, the data were exported from the common
database and then imported into statistical software packages such as SPSS and LISREL.

Although the general question of whether the PAMSP is effective in creating safer
drivers is straightforward, the wealth of data available in driver records affords myriad
specific research questions. Each specific question, in turn, posed its own data
requirements and analytic approach. For analysis purposes, the database of driver,
training, and crash records was organized into three data sets that correspond to the three
definitions of the populations of interest described above.
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Data Set 1 included drivers with a Pennsylvania license and a Class M-related Business
Action Code (MBAC) during the period 1990-2007. A Business Action Code designates
an action taken by PennDOT’s Driver Licensing Division regarding a driver’s record.
For our purposes, an MBAC means that the action involved a motorcycle license,
generally either granting or renewing an M permit or license. (In fact, a driver may have
had more than one MBAC during this period, for example, obtaining an M permit
followed by an M license.) We used the MBAC criterion as the best available proxy to
identify the population of Pennsylvania drivers who expressed intention to drive a
motorcycle (obtained a Class M license or permit). Data Set 1 was used to answer
questions about whether motorcycle crashes are related to driver attributes such as
violations and sanctions.

Data Set 2 included drivers with a Pennsylvania license (of any class) who registered
with the PAMSP during the study period. It is necessary to register to access information
about training classes (e.g., schedules and locations of upcoming BRC and ERC classes)
and to register for classes. We used PAMSP registration as the best available proxy to
identify the population of Pennsylvania drivers who expressed interest in motorcycle
safety. Data Set 2 was used to answer questions about whether, among drivers who
indicated interest in motorcycle safety, those who actually passed one or more classes
were less likely to crash on a motorcycle than those who did not take or complete any
classes.

Data Set 3 included drivers with a Pennsylvania license (of any class) who crashed as a
driver of a motorcycle in Pennsylvania from 1997 to 2007. Of the three data sets, this in
the only one that included drivers who we know for certain actually drove a motorcycle
on Pennsylvania roads during the study period. Because all drivers in Data Set 3 crashed
on a motorcycle, this data set was used to answer questions about relationships among
drivers’ violation and sanction histories, motorcycle training histories, and characteristics
of crashes such as crash severity.

Analyses of Crash, Training, and Driver Records: Data Set 1

As noted previously, Data Set 1 included drivers with a Pennsylvania license and an
MBAC during the period 1990-2007. A total of 726,248 drivers met these criteria. Such
a large number of cases increases the computer processing time for analyses; to reduce
processing time, a 50% random sample was drawn. Thus, Data Set 1 included 363,124
drivers with an MBAC. Of these, 8,554 drivers crashed as a driver of a motorcycle on
Pennsylvania roads during the 11-year period from 1997 to 2007, or 2.4%. A large
majority of MBAC drivers (354,570, or 97.6%) did not crash as a driver of a motorcycle.

We do not known what proportion of MBAC drivers ever actually drove a motorcycle
during this period; as noted previously, only PennDOT crash records can verify that a
driver operated a motorcycle. We suspect that many drivers who possess an MBAC
never actually drive a motorcycle. It is therefore probably not correct to conclude that the
354,570 drivers included in Data Set 1 who did not crash on a motorcycle drove their
motorcycles safely (i.e., without crashing). With this caveat in mind, we analyzed Data
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Set 1 to compare MBAC drivers who crashed to those who did not. Such analyses could
provide insights into characteristics of motorcycle drivers who crashed.

Table 1 compares MBAC drivers who crashed on a motorcycle to those who did not in
terms of gender, possessing a Class M license (according to driver records as of August
2007), registering with the PAMSP, and passing a PAMSP course. Also shown in Table
1 are comparisons on driving record, including whether or not a driver had incurred one
or more of the following during the 1997-2007 period: a sanction (license suspension,
special point exam, or hearing), a driving violation, or any specific type of driving
violation (license restriction, failure to stop or yield, speeding, improper driving, or DUI).

For each driver attribute, Table 1 shows (a) the breakdown categories for each variable
(e.g., males and females), (b) the numbers of drivers observed for each category (e.g., the
numbers of males and females), (¢) the percentages of drivers who did vs. did not crash
for each category, and (d) the correlation between the driver attribute and the crash
variable. Just as the overall percentage of MBAC drivers who crashed while driving a
motorcycle during the study period was small (2.4%), the percentages of crashers for all
breakdown categories were small, ranging from a high of 6.1% of drivers with Improper
Driving violations to 0.8% of female drivers. Although small, all of the correlations
between driver attributes and crashes are statistically significant.

Each driver attribute reveals something about who among MBAC holders crashed while
driving a motorcycle. Comparing the percentages for each variable helps to interpret the
correlations. For all driver attributes, the category with a greater likelihood of a crash is
listed first. Thus, 2.5% of male MBAC drivers crashed whereas only 0.8% of female
MBAUC drivers crashed. The significant correlation between gender and crash indicates
that the observed difference between males and females is real, as opposed to a chance
fluctuation in the data. The same is true for all the driver variables shown in Table 1.
Thus, compared to MBAC drivers who did not crash, the likelihood is greater that MBAC
drivers who crashed while driving a motorcycle:

e were male;
possessed a Class M license (according to driver records as of August 2007);
registered with the PAMSP;
passed a PAMSP course;
incurred a PennDOT sanction,;
committed a driving violation;
committed a license restriction violation;
committed a failure to stop or yield violation;
committed a speeding violation;
committed an improper driving violation;
committed a DUI violation.

Taken together, these findings suggest that male MBAC drivers with a Class M license
who had successfully completed a PAMSP course and who had a record of violations and
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Table 1. Comparisons of MBAC Drivers with vs. without Motorcycle Crashes

Percentage Correlation

Number Percentage

Driver Attribute . . without (Crash by
of Drivers with Crash Crash Attribute)

Male 312,861 2.5% 97.5%

Gender .038
Female 45,511 0.8% 99.2%
Yes 195,340 2.5% 97.5%

M License .008
No 167,784 2.2% 97.8%
Yes 93,460 3.4% 96.6%

PAMSP Registration .042
No 269,664 2.0% 98.0%
Yes 28,588 3.0% 97.0%

Pass PAMSP Course 012
No 334,536 2.3% 97.7%
Yes 3,410 6.0% 94.0%

Sanction .023
No 359,714 2.3% 97.7%
Yes 16,637 3.8% 96.2%

Driving Violation 021
No 346,487 2.3% 97.7%
Yes 1,846 4.8% 95.2%

License Restriction 012
No 361,278 2.3% 97.7%
Yes 3,807 4.5% 95.5%

Failure to Stop or Yield 015
No 359,317 2.3% 97.7%
Yes 12,230 3.9% 96.1%

Speeding 019
No 350,894 2.3% 97.7%
Yes 4,202 6.1% 93.9%

Improper Driving .027
No 358,922 2.3% 97.7%
Yes 2,526 5.4% 94.6%

DUI 017
No 360,598 2.3% 97.7%

Note. Of 363,124 drivers with an MBAC, 8,554 (2.4%) crashed while driving a motorcycle
during the 1997-2007 period. Gender information was missing for 4,753 drivers. All correlations
are significant (»p <.001). The total number of drivers with Driving Violations is less than the
sum of the numbers of drivers with specific types of violations because drivers may have
committed more than one type of violation.
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sanctions were more likely to crash while driving a motorcycle than MBAC drivers
without these attributes. To examine these results further, a series of logistic regression
analyses were conducted. Logistic regressions properly account for uneven distributions,
typical of rare events, where one alternative has many more cases than the other (i.e.,
fewer than 5% of MBAC drivers crashed, were sanctioned, or committed violations
during this period). Summarized in Table 2, these analyses examined the relationships
between sets of driver attributes and crashes. By considering the joint effects of several
driver attributes simultaneously, a more complete picture of factors that contributed to
crash likelihood can be realized.

Driver attributes included in the first analysis (Analysis 1) shown in Table 2 include
gender, PAMSP registrations, successfully passing PAMSP courses, driving violations,
and PennDOT sanctions. Regression coefficients indicate the magnitude and direction of
each attribute’s influence on crashes, and associated odds ratios reveal the relative
strength of each attribute. Thus, the odds ratio of 4.05 for gender means that males were
four times more likely to crash than females. Drivers who registered with the PAMSP
were about two and one-third times more likely to crash than drivers who did not register.
Drivers who committed one or more driving violations were about one and one-third
times more likely to crash than drivers without driving violations. Drivers who incurred
one or more PennDOT sanctions were almost two times more likely to crash than drivers
without sanctions. Drivers who took and passed a PAMSP course were somewhat /ess
likely to crash than drivers who did not take (or did not pass) a PAMSP course.

The findings of Analysis 1 shown in Table 2 raise several questions. Males were more
likely to crash than females. Although Table 1 reveals that there were far more males
with MBAC:s than females (87.3% of MBAC drivers were male), and one would
therefore expect far more males to crash than females, the analyses take the uneven
distributions of these variables into account. The odds ratio for gender means that males
were four times more likely to crash than females beyond chance levels. (The same holds
true for the other driver attributes.) There is something about being male that increases
the likelihood of a motorcycle crash. As noted previously, we have no independent
measure of exposure, or how many miles per year an MBAC driver actually rides a
motorcycle (because PennDOT does not measure or record this information). It is
possible that the average male rides four times as many miles as the average female, and
therefore is four times more likely to crash. Or males may ride more aggressively than
females, or are less skilled drivers than females, thereby increasing their crash risk. It
remains for additional analyses to investigate these potential explanations to determine
whether there is evidence that any or none of them are correct.

If registering with the PAMSP indicates an interest in motorcycle safety, then one would
expect that these drivers would be less likely to crash than drivers who do not register.
However, the odds ratio for the PAMSP variable reveals that drivers who registered were
more than twice as likely to crash as those who did not register. We suspect that in Data
Set 1, PAMSP registration acts as a proxy for exposure rather than for interest in safety.
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Table 2. Logistic Regression Analyses of Driver Attributes Related to Crashes

Analyslsl— Driver Attributes

Driver Attribute Coefficient Odds of Crashing
Lo 1397 Vaosiio0
2. PAMSP Registration 0.843 Regi“;f;i ?ggRegistered
3. Driving Violation 0316 Has Violaltfgt; Iﬁg()\/iolations
4. Sanction 0.624 Has Sancﬁgr‘; IESOSanction
5. Pass PAMSP Course 10.230 Never P aisg‘sl . fﬁosged
6. Constant -5.324

Analysis 2 History of Specific Driving Violations
Driver Attribute Coefficient Odds of Crashing

1. Failure to Stop or Yield 281 Failure on Reif’;g Iﬁgge on Record

2. Speeding 934 Speeding on Re(i(.)zr;l Iﬁgge on Record

3. DUI 447 DUI on Re(i(.)srzl Iﬁgge on Record

4. Improper Driving 731 Improper on R;c;g Iﬁgge on Record

5. Constant -3.757

Note. All coefficients are significant (p <.001).
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That is, MBAC drivers who actually ride motorcycles may be more likely to register,
perhaps as a first step in acquiring a Class M license, than MBAC drivers who do not ride
motorcycles. According to this logic, those who register are more likely to ride and more
likely to crash, by virtue of greater exposure.

When considered alone, passing a PAMSP course was associated with greater likelihood
of a crash (see Table 1). In the context of the regression analysis, however, this variable
shows a negative coefficient. These results indicate that passing a PAMSP course
reduces the likelihood of a crash. This apparent discrepancy in findings can be explained
by the fact that one must register with the PAMSP before one can enroll in a course. The
regression analysis includes both the PAMSP registration and course variables. By
taking both variables into account, the regression analysis reveals that, although MBAC
drivers who register with the PAMSP are more likely to crash than those who do not
register, probably due to greater exposure, drivers who register and pass one or more
courses are /ess likely to crash than drivers who register and do not take (or do not pass)
any courses. Thus, the regression results provide some evidence that passing a PAMSP
course reduces the likelihood of a crash.

The findings concerning driving violations and sanctions are as expected — drivers with a
history of violations and sanctions, presumably reckless and aggressive drivers, were
more likely to crash on a motorcycle. If drivers who incur sanctions are more frequent or
severe violators, then it follows that these drivers would be even more likely to crash on a
motorcycle. Supporting this interpretation, the odds ratio is greater for sanctions than for
violations.

The coefficients shown in Table 2 (Analysis 1) can be applied to their respective
variables in the form of a regression equation. This equation yields predictions of
whether a driver crashed, and these predictions can then be compared to actual crash data
to determine the predictive accuracy of the equation. A driver who is predicted to crash
based on his or her standing on the five variables and who actually crashes is a true
positive. A driver who is predicted to crash but does not is a false positive. A driver who
is predicted not to crash and who does not is a true negative, and a driver who is
predicted not to crash and who crashes is a false negative. Of the 8,062 drivers included
in Analysis 1 who actually crashed, 3,158 were predicted to crash by the equation, for a
true positive rate of 39.2%. Of the 350,310 drivers included in Analysis 1 who did not
crash, 74,457 were predicted to crash, for a false positive rate of 21.3%. Thus, although
we can accurately classify a substantial portion of crashers based on their standing on
these five attributes, this equation also leads us to misclassify many of the non-crashers.
Analysis 1 provides some insights into driver attributes associated with crashes, but it is
far from a complete explanation of crashes.

Driver attributes included in Analysis 2 shown in Table 2 include the specific driving
violations of failure to stop or yield, speeding, DUI, and improper driving. Each
contributed significantly to the likelihood of a crash. The fifth violation, license
restriction, did not contribute significantly to the regression equation beyond the
contributions of the other four violations, and is therefore not included in the equation.
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The regression coefficients associated with the four violations are positive, indicating that
drivers who committed one or more of each violation were more likely to crash while
driving a motorcycle. The largest odds ratio (2.08) is for improper driving, revealing that
drivers who committed violations such as improper passing, following too closely, and
reckless driving, were twice as likely to crash as drivers not convicted of violations due to
improper driving. The odds ratios for DUI (1.56), failure to stop or yield (1.32), and
speeding (1.26) also show that drivers convicted of each of these violations were more
likely to crash than drivers not so convicted. These findings suggest that drivers who
drive aggressively and irresponsibly are more likely to crash on a motorcycle than other
drivers. As noted above concerning Analysis 1, it is possible that drivers with more
violations on their records simply drive more than drivers with fewer violations, and thus
have greater crash likelihood due to greater exposure. Although we consider this
alternative explanation to be unlikely, we will return to these alternatives when
presenting analyses of Data Set 3.

Analyses of Crash and Training Records: Data Set 2

As noted previously, Data Set 2 included drivers (a) with a Pennsylvania license of any
class, (b) who registered with the PAMSP from 2004 to 2007 (the period for which
records were provided). One must register to access information about training classes
(e.g., schedules and locations of upcoming BRC and ERC classes) and to register for
classes. We used PAMSP registration as the best available proxy to identify the
population of Pennsylvania drivers who expressed interest in motorcycle safety. A total
of 282,111 drivers met these criteria. Because Data Set 2 was used to test questions
about relationships between training and crashes, and because we do not know which
drivers may have received training prior to 2004, we included in these analyses only
drivers with an initial MBAC dated April 1, 2004 and later (i.e., drivers for whom the
earliest MBAC on record was after the effective date of the beginning of PAMSP records
that were provided). This limited the sample to drivers who were likely to have begun
driving a motorcycle at about the time they registered with the PAMSP. This yielded a
sample of 79,879 drivers, of whom 1,678 (2.1%) crashed as a driver of a motorcycle on
Pennsylvania roads during the study period of 1997 - 2007. A large majority of these
crashes (97.3%) occurred after April 1, 2004, thus supporting our assumption that most of
these drivers were probably not driving a motorcycle before April 2004.

We analyzed Data Set 2 to compare MBAC drivers who registered with the PAMSP to
determine whether training is related to crashes. Table 3 compares drivers who crashed
on a motorcycle to those who did not in terms of whether they ever registered for a
PAMSP course, number of PAMSP course registrations, whether they registered for a
BRC, whether they registered for an ERC, and whether they passed a PAMSP course.
For those who took a course, drivers are compared on Knowledge and Skill Test Scores.

For each driver attribute, Table 3 shows (a) the breakdown categories for each variable
(e.g., registered for a PAMSP course, yes or no), (b) the numbers of drivers observed for
each category (e.g., the numbers who did vs. did not register), (c) the percentages of
drivers who did vs. did not crash for each category, (d) the correlation between the driver
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attribute and the crash variable, and (e) for statistically significant correlations, odds
ratios (odds of a crash for one category vs. the other).

Whether or not drivers registered for PAMSP courses, or registered specifically for BRC,
was not significantly related to crashes. As shown in Table 3, the percentages of drivers
who crashed were very similar for drivers who did vs. did not register for these courses.
However, statistically significant relationships were found between crashes and number
of PAMSP course registrations, ERC registrations, and whether or not a driver actually
passed a PAMSP course. Results show that drivers who registered for two or more
courses, who registered specifically for an ERC, and who passed a course were more
likely to crash than drivers who did not. These correlations are very small, as are the
associated odds ratios — drivers who registered for and passed PAMSP courses were only
slightly more likely to crash than drivers who did not. However small, these differences
are in the opposite direction to what one might expect.

The correlations of test scores with crashes, and associated odds ratios, were also very
small and in opposite directions. As might be expected, drivers who achieved higher
scores on the PAMSP knowledge tests were slightly /ess likely to crash than drivers who
scored lower. Counter-intuitively, drivers who achieved higher PAMSP skills test scores
were slightly more likely to crash than drivers who scored lower.

Taken together, Data Set 2 findings provide scant evidence for beneficial effects of
PAMSP training. As noted in the discussion of the results of analyses of Data Set 1,
there is no measure of driving exposure apart from crash data. We suspect that the Data
Set 2 variables that correlated positively with crashes, particularly ERC Registration and
Skills Test Scores, are proxies for amount of exposure. Drivers who sign up for the ERC,
and drivers who demonstrate higher levels of riding skill, are probably drivers who ride
more. They are more likely to crash due to greater exposure rather than to lack of skill.

Note that results of Data Set 1 analyses revealed that drivers who registered with the
PAMSP and passed a course were slightly /ess likely to crash than drivers who neither
registered with the PAMSP nor passed a course. Data Set 2 analyses found that drivers
who registered with the PAMSP and passed a course were slightly more likely to crash
than drivers who registered and did not pass a course. This apparent discrepancy in
findings can be explained by the differences in inclusion criteria for Data Sets 1 and 2.
For Data Set 1, drivers who passed a PAMSP course were compared to drivers who did
not register with the PAMSP and did not pass a course. For Data Set 2, all drivers
registered with the PAMSP — the comparison is between those who passed a course and
those who did not. It appears that Data Set 1 drivers who registered with the PAMSP and
passed a course were more safety conscious and less likely to crash than drivers who did
not register or pass a course. Following this logic, Data Set 2 drivers indicated their
safety consciousness by registering with the PAMSP — those who passed a course were
more likely to crash than those who did not pass a course, probably due to greater driving
exposure. These alternative explanations will be investigated further in analyses of Data
Set 3.
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Table 3. Comparisons of PAMSP Registration Drivers with vs. without Motorcycle
Crashes

Number Percentage Percentage Correlation
PAMSP Activity of with Cragh without (Crash by Odds of Crashing
Drivers Crash Attribute)
PAMSP Yes | 74,808 2.1% 97.9%
Course .001
Registration | No 5,071 2.0% 98.0%
0 | 5071 2.0% 98.0%
Number of °
PAMSP 0 0 2+ = Oorl
Course 1 54,714 2.0% 98.0% .008 112 1
Registrations
2+ 20,094 2.3% 97.7%
BRC Yes | 73,268 2.1% 97.9%
Registration -004
No 6,611 2.3% 97.7%
0 0
ERC Yes 3,451 3.3% 96.7% o1 Yes = No
Registration ' 1.65 : 1
No 76,428 2.0% 98.0%
0 0
Pass PAMSP Yes | 51,087 2.2% 97.8% ol Yes = No
C ' 117 = 1
O No | 28792 1.9% 98.1%
3 0 0
Knowledge High | 34,392 2.0% 98.0% oo Low = Hi
Test Score ’ 1.16 :: 1
Low | 19,060 2.3% 97.7%
Skills Test | High | 23,377 2.8% 97.2% Hi :: Low
Score 034 1.60 :: 1
Low | 29,614 1.7% 98.3%

Note. Of 79,879 drivers with an MBAC after 4/1/2004, 1,678 (2.1%) crashed while driving a
motorcycle during the 1997-2007 period; 97.3% of these crashes occurred after 4/1/2004.
Correlations between crashes and PAMSP Course Registration and BRC Registration are not
statistically significant; all other correlations are significant (p <.01). Odds ratios are not shown
for non-significant correlations.
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Analyses of Crash and Training Records: Data Set 3

As noted previously, Data Set 3 included drivers with a Pennsylvania license (of any
class) who crashed as a driver of a motorcycle in Pennsylvania from 1997 to 2007. Ifa
driver had more than one motorcycle crash during this period, only the first crash was
included and analyzed in Data Set 3. Only first crashes were included because 5% of
first crashes are fatal to motorcycle drivers; including subsequent crashes in the data set
would potentially introduce bias because a sample that included second and later crashes
would necessarily over-represent drivers who survived their earlier crashes. Application
of these inclusion criteria yielded a sample of 27,762 Pennsylvania drivers who crashed
on a motorcycle on a Pennsylvania road from 1997 to 2007.

Of the three data sets, this in the only one that included drivers who we know for certain
actually drove a motorcycle during the study period. Because all drivers in Data Set 3
crashed on a motorcycle, this data set was used to answer questions about relationships
among drivers’ violation and sanction histories, motorcycle training histories, and
characteristics of crashes such as injury severity.

Analyses of Data Set 3 included descriptive statistics, cross-tabulations, linear and
logistic regression analyses, and covariance structure modeling (CSM). Figure 3
provides a graphic display and a conceptual organization of many of the variables that
were analyzed in Data Set 3. Beginning on the right side of the figure, two Crash
Outcomes are listed: severity of injuries to the motorcycle driver, and driver fatalities.
The second portion from the right of the figure lists Driver Actions, including speeding,
over- or under-compensation at a curve, inexperience in operating a motorcycle,
improper driving (actions such as tailgating, improper passing, etc.), and other improper
driving (the latter is an option on crash report forms, apparently used as a catch-all
option). The second portion from the left of the figure lists Driver Choices, including
whether a driver had an MBAC, whether the driver was DUI (blood alcohol content of
.08 or greater) at the time of the crash, whether the driver was wearing a helmet, and
whether a passenger was present. The left portion of Figure 3 lists factors antecedent to
the crash, including Driver Demographics and Driving Records. Driver Demographics
include driver age at the time of the crash, gender, and whether the driver has passed a
PAMSP course. Driver Records include number of PennDOT sanctions incurred,
number of DUI convictions, number of speeding convictions, and number of improper
driving convictions.
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Figure 3. Factors Related to Motorcycle Crash Outcomes
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Frequency Distributions of Data Set 3 Variables

There are many ways to analyze this complex data set. Preliminary analyses revealed
that several breakdowns are particularly important. These are: (a) whether the crash was
a single or multiple vehicle crash; (b) the type of motorcycle driven (sport/street bike,
cruiser, dual sport, off-road, scooter-moped, mini-bike, or unknown); and (c¢) whether the
crash occurred before or after April 2004 (the earliest date for which PAMSP records
were provided). Analyses typically involved subsets of the variables shown in Figure 3,
with comparisons according to one or more of the breakdown variables.

Figure 4 illustrates selected single and multiple vehicle crash characteristics. Of 27,762
crashes, 13,025 (47%) were single vehicle crashes and 14,737 (53%) were multiple
vehicle crashes. Some differences in crash characteristics are noteworthy. A greater
proportion of motorcycle drivers involved in single vehicle crashes were DUI (8% single
vs. 3% multiple). Drivers in multiple vehicle crashes were much more likely to be
reported as making no contributing action (56%) than drivers in single vehicle crashes
(22%). Drivers in single vehicle crashes were more likely to be reported as speeding
(22%), over-/under-compensating at curve (14%), and other improper driving (14%) than
drivers in multiple vehicle crashes (speeding, 9%; over-/under-compensating at curve,
1%; other improper driving, 6%).

Figure 5 illustrates selected sport bike and cruiser crash characteristics. Of 27,762
crashes, 5,129 (18.5%) were sport bike crashes and 13,216 (47.6%) were cruiser crashes.
Some differences in crash characteristics are noteworthy. A greater proportion of cruiser
drivers were DUI (7% cruiser vs. 3% sport bike). Cruiser drivers were older (79% were
between the ages of 30 and 59) than sport bike drivers (70% were under age 30). Cruiser
drivers were more likely to be reported as making no contributing action than sport bike
drivers (45% vs. 35%). Cruiser drivers were less likely to be reported as speeding than
sport bike drivers (11% vs. 21%).

PennDOT provided data for many more variables than could be included in the
covariance structure models that were tested using Data Set 3. Frequency distributions
are shown in Appendix B for variables obtained from crash records, Appendix C for
variables obtained from PAMSP records, and Appendix D for variables obtained from
driver records.
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Figure 4. Single and Multiple Vehicle Crash Characteristics
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Figure 5. Sport Bike and Cruiser Crash Characteristics
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Colder Months and Motorcycle Crashes

A variable that was not used in Data Set 3 analyses but that may be informative to
PennDOT is month in which a motorcycle crash occurred. Figure 6 shows charts for the
months of October, November, December, January, and February. Each chart displays
data for that month in each of 11 years, 1997-2007, along the x-axis. The y-axis on the
left provides a scale for the number of motorcycle crashes (the vertical bars) that occurred
each year, and the y-axis on the right provides a scale for the average daily temperatures
(the line graph) each year. Scale values vary from chart to chart to conform to the ranges
of values shown. Average monthly temperatures were calculated from average daily
temperatures obtained from a website provided by the University of Dayton:
http://www.engr.udayton.edu/weather/citylistUS.htm. Harrisburg was used to represent
the state of PA.

The charts show that fluctuations from year to year in the number of motorcycle crashes
during the colder months are related to average monthly temperatures. For the month of
January, for example, the years with the warmest temperatures (1998, 2002, 2006, 2007)
also had the most crashes, and the years with the coldest temperatures (2003, 2004) had
the fewest crashes. Comparing a warm winter to a cold winter, the months of December
2001, January 2002, and February 2002 had an average daily temperature of 37.9 degrees
and a total of 158 crashes; the months of December 2002, January 2003, and February
2003 had an average daily temperature of 28.5 degrees and a total of 21 crashes. Thus, a
warm winter had about 7.5 times more motorcycle crashes than a cold winter. This
explains some of the year-to-year variability in numbers of motorcycle crashes and
fatalities. Warmer weather months (March to September) do not show significant
correlations between average monthly temperatures and numbers of motorcycle crashes.
To minimize the influence of annual fluctuations in average temperatures on motorcycle
crash statistics, it may be advisable to calculate and compare crash data only for warmer
weather months.

Coding of Variables Used for Data Set 3 Analyses

For some variables, the data supplied by PennDOT were recoded to create variables
suitable for analysis.

Driver Injury Severity and Fatality. Injury severity is coded on crash report forms with 7
alternatives: 0 = not injured, 1 =killed, 2 = major injury, 3 = moderate injury, 4 = minor
injury, 8 = injury/unknown severity, 9 = unknown. For analysis purposes, this variable
was recoded as an ascending 5-point scale: 1 = not injured, 2 = minor injury, 3 =
moderate injury, 4 = major injury, 5 = killed (values of 8 and 9 were coded as missing).
See Table B1, Appendix B, for frequencies of Injury Severity. Motorcycle driver fatality
was also recoded from this variable: 0 = not killed, 1 = killed. See Table B2, Appendix
B, for frequencies of Driver Fatalities.
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Figure 6. Colder Months and Motorcycle Crashes
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Driver Actions. Crash records include fields for coding driver actions that may have
contributed to the crash. Crash report forms completed by investigating officers provide
4 fields for recording contributing driver actions, with 32 codes for specific actions (e.g.,
08 = running stop sign, 11 = tailgating, 23 = speeding). Because of the number of driver
action codes, and because many of these were used infrequently (see Appendix B, Tables
B44 — B47), driver actions were combined and recoded into one of six dichotomous
driver action variables: Speeding (codes 23 and 24); Over- or Under-compensation at
Curve (code 22); Driver Inexperienced (code 27); Affected by Physical Condition (code
92); Other Improper Driving Actions (code 98); and Improper Driving Actions (codes 1
to 21, 25, 26, and 28). A given contributing action such as Driver Inexperienced was
coded as implicated in the crash (1 = Yes) if it was recorded in any of the four driver
action fields, and coded as not implicated (0 = No) if it was not recorded in any of these
fields. See Tables B5 — B10, Appendix B, for frequencies of recoded driver action
variables.

DUI. The crash records show alcohol test results. A related variable indicates whether
the investigating officer suspected that a driver was intoxicated (alcohol, medication,
and/or illegal drugs). If alcohol was suspected and a test was administered, the test result
is given. Alcohol was suspected in 3,019 cases out of 27,762 crashes, or 10.9%. Alcohol
test results were available for 2,453 of these, showing values ranging from 0 to .74. A
DUI variable was created from the test results variable, such that drivers with alcohol test
results of 0 to .07 were coded as 0 = Not DUI, and drivers with alcohol test results of .08
to .74 were coded as 1 = DUI. In addition, drivers who were involved in crashes who did
not have a test result (most of whom were not suspected of intoxication by investigating
officers) were coded as 0 = Not DUI. For analysis purposes, 1,447 drivers were coded as
DUI, or 5.2% of the crashes, and 26315 drivers were coded as Not DUI, or 94.8% of the
crashes. See Table B4, Appendix B, for frequencies of DUI.

Motorcycle Type. PennDOT crash records include data fields for Vehicle Make (Harley-
Davidson, Kawasaki, Suzuki, etc.), Vehicle Type (Motorcycle, Automobile, SUV, etc.),
Body Type (Motorcycle, Moped, Mini-bike or Motor Scooter), VINA Body Type
(Road/Street Bike, Motor Scooter, Dirt Bike, etc.), Motorcycle Engine Size (in cubic
centimeters), and Model Year. Based on information in these fields, plus other relevant
information obtained from online research, a Motorcycle Type variable was created with
seven alternatives: 1 = Sport/Street Bike; 2 = Cruiser; 3 = Dual Sport Bike; 4 = Off-road
Bike; 5 = Scooter/Moped; 6 = Mini-bike; 9 = Unknown Bike Type. These motorcycle
types correspond to types described in the Motorcycle Safety Foundation Basic
RiderCourse® Rider Handbook (2005). The Unknown Bike Type code was assigned
when relevant information needed to make a determination was missing, such as engine
size or model year, or when a determination could not be made, according to the
available data, because a manufacturer produced more than one type of motorcycle with
the same characteristics (e.g., Kawasaki produced sport bike, cruiser, and off-road cycles
with 250cc engines in 2001). See Table B15, Appendix B, for frequencies of Motorcycle

Type.
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Class M-related Business Action Code (MBAC). A Business Action Code designates an
action taken by PennDOT’s Driver Licensing Division regarding a driver’s record. For
our purposes, an MBAC means that the action involved a motorcycle license, generally
either granting or renewing an M permit or license. (In fact, a driver may have had more
than one MBAC during this period, for example, obtaining an M permit followed by an
M license, or successive M permits.) PennDOT provided a data file containing the
driving records of all drivers involved in a crash from 1997 — 2007 whose records
included an MBAC. A variable was created to indicate an MBAC at some point for these
drivers (MBAC = 1; 24,769 drivers, or 89.2%); other drivers who crashed were coded as
no MBAC (MBAC = 0; 2,993 drivers, or 10.8%). See Table B13, Appendix B, for
frequencies of MBAC.

Records of Driving Violations. Driver records include a large number of specific
violation codes (more than 800). To reduce these myriad codes to a manageable number
of violation types, for the purposes of this project the researchers categorized them into
five categories of driving violations: License Restriction, Failure to Stop/Yield, Speeding,
Improper Driving, and DUI. To create these categories, the researchers discussed
similarities and differences among violation codes and code descriptions, and identified a
preliminary set of violation categories. Two of the researchers (Renz and Vance)
independently categorized all violations, resolving coding discrepancies by discussion.
An Excel spreadsheet summarizing violation categories was then provided to Scott
Shenk, the project’s Technical Advisor, who reviewed and revised the categories and
violation code assignments as needed. The final violation categories, violation codes
assigned to each, and violation descriptions are listed by category in Appendix E. See
Tables D2 — D5, D10, Appendix D, for frequencies of numbers of driving violations.

Records of Driver Sanctions. Driver records include sanctions that PennDOT administers
to drivers as a result of particular violations or point totals. A driver incurs points for
each violation, and accumulated points trigger sanctions. Sanctions include license
suspensions, 6-point exams (tests of driving knowledge that a driver must pass when the
point total first reaches 6 or more points), Type II hearings (administered by a PennDOT
examiner when a driver’s point total reaches 6 for the second time), Type III hearings
(administered by a PennDOT examiner when a driver’s point total reaches 6 for the third
time), speed hearings (administered when a driver is convicted of exceeding the posted
speed limit by more than 30mph), and young driver hearings (administered to 16 and 17
year old drivers). Hearings often result in suspensions, although other penalties are
possible, such as license revocation or loss of particular privileges (e.g., CDL HAZMAT
certification). For analysis purposes, the number of PennDOT sanctions was calculated
for each motorcycle driver involved in a crash between 1997 and 2007. Values ranged
from 0 for 14,917 (60.2%) of these drivers, to 166 for 1 driver (0%). See Tables D7, DS,
D17, and D19, Appendix D, for frequencies of numbers of PennDOT sanctions.
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Profiles of Typical Motorcycle Drivers

Before presenting complex statistical models that tested relationships among crash factors
shown in Figure 3, we summarize characteristics of typical motorcycle drivers involved
in non-fatal vs. fatal crashes. Characteristics of these drivers and their crashes are shown
in Appendix F in pairs of profiles (Profiles 1 - 16) comparing non-fatal vs. fatal crashes
for males, females, sport bike drivers, cruiser drivers, unknown bike type drivers, drivers
without an MBAC, drivers who passed a BRC between 2004 and 2007 (BRC Pass), and
drivers who passed an ERC between 2004 and 2007 (ERC Pass). “Typical”
characteristics listed for each profile were determined by examination of frequency
distributions of variables for cases selected according to the breakdown criteria (i.e.,
males, females, sport bike drivers, etc.). For categorical variables, such as gender and
license class, modal values (i.e., the most common values) are listed. For continuous
variables, such as age and engine size, median values (i.e., the mid-points of the
distributions) are listed.

Many of the characteristics of drivers described within pairs of profiles, comparing non-
fatal to fatal crashes, are the same or similar. For example, typical males in non-fatal vs.
fatal crashes (Profiles 1 & 2) were of the same age and height, and drove motorcycles
that differed by only one model year. Differences between non-fatal and fatal male
crashers were more pronounced in terms of several other variables, however, including
location (fatal crashes were nearly evenly split between urban and rural areas, whereas
non-fatal crashes were predominantly urban), time of day (fatal crashes were almost one
hour later in the afternoon than non-fatal crashes), number of vehicles involved (fatal
crashes were more likely to involve 2 vehicles, non-fatal crashes were nearly evenly split
between 1 and 2 vehicle crashes), and collision type (fatal crashes were more likely to
involve a DUI driver hitting a fixed object). These comparisons suggest that rush hour
traffic conditions (close to 5:00pm, involving 2 vehicles) contribute to fatalities among
male drivers.

Typical female drivers in non-fatal vs. fatal crashes (profiles 3 & 4) were of similar ages,
but females in fatal crashes were 2 inches shorter than females in non-fatal crashes, and
drove motorcycles with larger engines (900cc vs. 700cc). Fatal crashes for females were
more likely to involve 2 vehicles in head-on collisions resulting from poor lane position
control (driving on the wrong side of the road and/or over/under-compensating on a
curve). These comparisons suggest that driver-motorcycle “fit” may be a factor in
fatalities among female drivers, and perhaps male drivers. That is, a shorter stature
person may be less able to handle and control a larger and/or more powerful motorcycle,
particularly under challenging roadway and traffic conditions.

Comparisons can also be made across driver classifications. For example, for fatal
crashes, a typical female driver was 6 years older and 7 inches shorter than a typical male
driver, and crashed 1.5 years sooner after initial MBAC. Comparisons of sport bike,
cruiser, and unknown bike type drivers revealed that sport bike drivers were much
younger than cruiser drivers (25 vs. 42 years old). Typical drivers without MBAC
involved in fatal crashes were younger (27 years old) and more likely to be DUI at the
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time of the crash than other drivers profiled. Drivers with BRC pass in fatal crashes were
older than BRC pass drivers in non-fatal crashes (39 vs. 32 years old), had more
convictions for driving violations (2 or more vs. 1), and were less likely to have worn a
helmet at the time of the crash.

Comparisons of profiles of typical drivers involved in motorcycle crashes are interesting,
but only suggestive of possible explanations for crash outcomes. Although these profiles
are based on large numbers of cases (with the exception of females in fatal crashes, with
22 cases), they are descriptive summaries and as such do not explicitly test the
relationships that comparisons among them might suggest. To investigate relationships
among crash factors and outcomes, a series of models were tested. These are described
next.

Covariance Structure Models of Crash Outcomes

Multivariate data analysis techniques such as covariance structure modeling (CSM)
examine the simultaneous effects of multiple independent variables on multiple
dependent variables. With such an analysis one can ask, for example, whether training,
driver age, gender, drug/alcohol intoxication, helmet use, number of driving violations,
and number of PennDOT sanctions affect crash severity. Because multivariate analyses
test several independent-dependent relationships simultaneously, results can be
interpreted in terms of relative strength of influences, which makes them more valuable
than a series of univariate analyses. With multivariate analyses a researcher can also test
whether there are intervening variables that may affect the relationships between
independent and dependent variables. An example of an intervening variable could be
helmet use. A hypothetical finding of an intervening variable might be if PAMSP
training were found to be particularly effective in encouraging helmet use and if helmet
use were also found to play a role in crash survival.

Two series of CSM analyses were conducted. Tables 4a through 4e list the Series 1
models. Series 1 included 56 models tested using crash records from 1997 through 2007
(Data Set 3). Only first crashes by a motorcycle driver with a Pennsylvania license (of
any class) were included in Series 1 analyses. Tables 5a through 5e list the Series 2
models. Series 2 included 40 models tested using crash records from 2004 through 2007
(the PAMSP subset of Data Set 3). We were provided PAMSP records that spanned
2004 — 2007, and we therefore included only Pennsylvania motorcycle drivers with an
initial MBAC date during this period in Series 2 analyses.

CSM analyses were conducted using the statistical software programs PRELIS 2.8 and
LISREL 8.8 (Joreskog, K., & Sorbom, D., 2007, Scientific Software International, Inc.).
Because some of the variables analyzed in these models were dichotomous with uneven
distributions (e.g., driver fatality with 95% non-fatal, 5% fatal; DUI with 94.8% not DUI,
5.2% DUI), others were continuous with highly skewed distributions (e.g., number of
DUI convictions, number of speeding convictions), and still others were continuous with
approximately normal distributions (e.g., driver injury severity, driver age at time of
crash), raw data (variables by cases) were first input to PRELIS. This program was used
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to (1) assess distributional characteristics of input variables, (2) calculate appropriate
correlation estimates for each pair of variables (Pearson product-moment, polychoric, or
polyserial), and (3) produce correlation matrices. The PRELIS-estimated correlation
matrices were then analyzed with LISREL to test the Series 1 and 2 models.

For reporting purposes, we focus mostly on direct effects revealed by these models.
More complex interpretations could also focus on indirect effects, i.e., the effects of an
independent variable on a dependent variable through an intervening variable.

Series 1 Models

Series 1 models listed in Tables 4a through 4e were tested on each of five subsets of Data
Set 3: (1) 16 models of single vehicle crashes; (2) 16 models of multiple vehicle crashes;
(3) 8 models of sport/street bike crashes; (4) 8 models of cruiser crashes; and (5) 8
models of crashes of unknown motorcycle types. Preliminary analyses revealed that
these breakdowns are potentially important to understanding factors implicated in
motorcycle crashes.

Series 1 Single Vehicle Crash Models. Sixteen models were tested on single vehicle
crashes. As shown in Table 4a, each model included a distinct set of variables. For
example, Models 1 through 4 tested the effects on crash outcomes of the contributing
driver actions of speeding and over/under-compensation on a curve. Models 1 and 3
included the crash outcome of severity of injuries to the motorcycle drivers, and Models 2
and 4 included the crash outcome of motorcycle driver fatalities. (Because the fatality
variable was recoded from the injury severity variable, these variables were included in
separate models for statistical reasons, i.e., non-independence). Models 1 and 2 included
the driving record variables of number of sanctions, number of DUI violations, and
number of speeding violations. (Note that driving records show violations for any vehicle
driven; type of vehicle, whether motorcycle or otherwise, is not recorded.) Models 3 and
4 included the demographic variables of gender and MBAC. Likewise, Models 5 through
8 included the focal contributing driver action of improper driving, Models 9 through 12
included the focal contributing driver action of driver inexperience, and Models 13
through 16 included the focal contributing driver action of other improper driving.

Variables included in a given model were determined by the available data and by factors
that influenced the original coding of data. Crash report forms completed by
investigating officers provide 4 fields for recording contributing driver actions, with 32
codes for specific actions (e.g., 08 = running stop sign, 11 = tailgating, 23 = speeding).
For analysis purposes, a given contributing action such as speeding was coded as
implicated in the crash if it was recorded in any of the four contributing action fields (and
coded as not implicated if it was not recorded in any of these fields). Thus, at most 4 of
the 32 available codes could be used for a given crash report, and in most crash reports
fewer than 4 codes were actually used. These facts presented complications for statistical
analyses. The limitation of at most 4 driver actions coded out of 32 possible actions
meant, in effect, that driver actions were not statistically independent. The solution was
to analyze driver actions in separate models (with the exception of speeding and over-
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/under-compensation on a curve, which were often recorded jointly by officers and were
therefore included in the same models).

We were provided with driving records for all drivers involved in motorcycle crashes
during the study period whose records also showed an MBAC. We did not have driving
records for drivers who crashed on a motorcycle whose records did not show an MBAC.
Thus, we had driving records for 24,769 drivers, or 89.2% of the Data Set 3 drivers. For
statistical reasons, data used to test crash models were compiled according to rules of
listwise deletion of missing data. (Listwise deletion refers to handling of missing data.
With listwise deletion, only cases with valid data for all variables in the analysis are
included. The most commonly used alternative to listwise deletion is pairwise deletion,
according to which all cases with valid data are included when variables are considered in
pairs — this produces a data file with differing numbers of cases from one variable to the
next.) Due to listwise deletion, the MBAC variable and driving record variables could
not be included in the same models (because MBAC would be a constant in any model
with driving record variables — all cases with driving record information had an MBAC,
no cases without driving record information had an MBAC).

In sum, these factors — separate models for each contributing driver action, injury severity
vs. fatality, and MBAC vs. driving records — in combination produced the 16 Series 1
single vehicle crash models tested, as well are the parallel 16 multiple vehicle crash
models. The numbers of Series 1 models tested for the sport/street bike, cruiser, and
unknown motorcycle type breakdowns were reduced from 16 to 8 by limiting these
models to those including injury severity (i.e., fatalities were not studied for motorcycle
type breakdowns). Thus, there are 56 Series 1 models.

Models 1 and 2: Driving Records, Speeding, Severity of Injuries, and Fatalties. The first
two models tested relationships among: (a) a motorcycle driver’s history regarding
specific types of violations (i.e., speeding and DUI convictions); (b) the driver’s age at
the time of the crash; (¢) whether speeding, over/under-compensating on a curve, DUI,
and helmet use were factors in the crash; and (d) crash outcomes including severity of
driver injuries (Model 1) and fatalities (Model 2).

Each model shows: (1) each variable’s relationship to other variables by connecting
arrows (or lack of relationship — no connecting arrows); (2) which variables explain a
variable (i.e., speeding at the time of the crash is influenced by number of speeding and
DUI violations on a driver’s record, the driver’s age at the time of the crash, and whether
the driver was DUI at the time of the crash); (3) the direction of influences among
variables (e.g., DUI at the time of the crash influences speeding, speeding does not
influence DUI); (4) the strength of the relationships among variables — given by the
numerical values associated with arrows (i.e., the path coefficients: the higher the
absolute value of a path coefficient, the stronger the influence of one variable on the
other); and (5) the sign of the relationships among variables, positive (e.g., speeding is
associated with more severe injury than not speeding) or negative (e.g., older drivers are
less likely to speed than younger drivers).

41



Table 4a. Series 1 Models for Single Vehicle Motorcycle Crashes, 1997-2007
Single Vehicle Crashes

Model Crash Outcomes Crash Factors Antecedent Factors
1 Driver Iniurv S , Speeding Number of Sanctions
river Injury Severity Over/Under Compensation Number of Speeding Violations
_ _ DUI Number of DUI Violations
2 Driver Fatality Helmet Use Driver's Age (at time of crash)
_ . . Speeding
3 Driver Injury Severity Over/Under Compensation Driver’'s Age (at time of crash)
aull tU Driver's Gender
4 | Driver Fatality M‘E;\”g s€
5 Driver Injury Severity DUI Number of Sanctions
Improper Driving Number of DUI V|olat|op§ o
. X Helmet Use Number of Improper Driving Violations
6 Driver Fatality Driver's Age (at time of crash)
7 Driver Iniurv S it DUI
river Injury severnty Improper Driving Driver’s Age (at time of crash)
. . Helmet Use Driver's Gender
8 Driver Fatality MBAC
: : ; DUI Number of Sanctions
9 D I S t
river Tnjury severtty Inexperience Number of DUI Violations
10 Driver Fatality Helmet Use Driver's Age (at time of crash)
11 Driver Injury Severit e
jary y Inexperience Driver’'s Age (at time of crash)
12 Driver Fatality KI/IeBIECet Use Driver's Gender
. . , Number of Sanctions
13 Driver Injury Severity DUI Number of DUI Violations
Other Improper Driving s C
14 Driver Fatalit Helmet Use Number of Improper Driving Violations
y Driver’'s Age (at time of crash)
. : , DUI
K NN Y Other Improper Driving Driver’s Age (at time of crash)
16 Driver Fatality Helmet Use Driver's Gender
MBAC

Note. Number of Crashes: 9,717 for Models 1, 2, 5, 6, 9, 10, 13, and 14; 10,885 for Models 3, 4, 7, 8, 11, 12, 15, and 16.
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Model 1 shows results for 9,717 single vehicle crashes, with severity of driver injuries as
the crash outcome, speeding, over/under-compensating, DUI, and helmet use as crash
factors, and driving records and age as antecedent factors. A total of six variables in the
model directly influenced injury severity. In descending order of magnitude of influence,
these are: DUI at the time of the crash, number of DUI violations on record, speeding at
the time of the crash, over/under-compensating on a curve, driver age, and helmet use.
The path coefficient for DUI at the time of the crash (.40) reveals that it had the greatest
influence of any of these variables, such that DUI drivers were likely to be more severely
injured than non-DUI drivers. Drivers who were speeding (.11) were also likely to be
more severely injured than non-speeding drivers. Drivers who over- or under-
compensated on a curve (.09) were likely to be more severely injured than drivers who
did not. Older drivers were likely to be more severely injured than younger drivers (.05),
although this effect was small. Drivers wearing helmets were likely to be less severely
injured than drivers not wearing helmets (-.04), although this effect was also quite small.
Drivers with records of DUI violations were likely to be less severely injured than drivers
without such records (-.12) — we offer an explanation for this apparently anomalous
finding below.

DUI at time of crash plays a central role in Model 1 (and in all other crash models tested).
In addition to greater likelihood of severe injury, DUI drivers were more likely to speed
(.20) and less likely to wear a helmet (-.23) at the time of the crash. Two antecedent
factors in the model influenced DUI at the time of the crash: number of DUI violations on
record (.42) and driver age (.03). Drivers with DUI convictions on record were
substantially more likely to crash while DUI than drivers without DUI convictions.
Considering that the probability of being caught for DUI is small, it may be that drivers
who crash while DUI frequently ride in this condition. Older drivers were slightly more
likely to be DUI than younger drivers.

There was a small positive relationship between number of speeding violations on record
and the likelihood of speeding at the time of the crash (.08), suggesting that drivers who
regularly exceeded the speed limits also did so when riding. Younger drivers were more
likely to speed (-.17) than older drivers, as were DUI drivers (.20). Older drivers (-.09)
and DUI drivers (-.23) were less likely to wear a helmet at the time of the crash.

The negative path from number of DUI violations and crash outcome shown in Model 1
(and in all other models tested that included number of DUI violations) probably
indicates a tendency for some drivers with a history of DUI violations to avoid speeding
when they are drunk-riding. Models 1 and 2 include significant negative paths (-.05 in
both models) from number of DUI violations to speeding at time of the crash. Although
number of DUI violations on record influenced whether the driver was DUI at the time of
the crash, and being DUI increased the likelihood of speeding, some DUI drivers appear
to have avoided speeding to avoid being caught for DUI. When they nevertheless
crashed they did so at lower speeds, thus mitigating crash outcomes. Other DUI drivers,
particularly those without a history of DUI convictions, were also speeding, and the
combination of DUI and speeding exacerbated crash severity.
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Model 1. Driving Record, Driver Actions (Speeding, Over/Under Compensation), Severity
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Model 2 shows results for 9,717 single vehicle crashes, with driver fatalities as the crash
outcome variable. The paths in this model are similar to those shown in Model 1, with a
couple of exceptions. The path from helmet use to fatalities is absent, and a path showing
an inverse relationship between number of speeding violations and fatalities (-.04) is
present. Another noteworthy difference between Models 1 and 2 concerns the
magnitudes of the path coefficients for variables that directly influence fatalities. DUI
(.65) and speeding (.23) at the time of the crash have even greater influences on driver
fatalities than on severity of injuries. That is, not only are DUI and speeding drivers
likely to be more severely injured, they are even more likely to be killed than non-DUI
and non-speeding drivers who crash. As noted above, some drivers who have records of
DUI violations avoid speeding, probably to avoid getting caught for DUI, these drivers
are even less likely to be killed in a crash (-.28).

Models 3 and 4: Driver Demographics, Speeding, Severity of Injuries, and Fatalities.
Models 3 and 4 tested relationships among: (a) motorcycle driver demographic variables
(i.e., the driver’s age at the time of the crash, driver gender, and MBAC); (b) whether
speeding, over/under-compensating on a curve, DUI, and helmet use were factors in the
crash; and (c) crash outcomes including severity of driver injuries (Model 3) and fatalities
(Model 4). Models 3 and 4 were tested using 10,885 single vehicle crashes.

DUI at the time of the crash had the greatest influence on crash outcomes; DUI drivers
were likely to be more severely injured (.35, Model 3) or killed (.50, Model 4) than non-
DUI drivers. Speeding had the second greatest influence on crash outcomes; speeders
were likely to be more severely injured (.12, Model 3) or killed (.21, Model 4). Drivers
who over- or under-compensated on a curve were likely to be more severely injured (.08,
Model 3) or killed (.05, Model 4). Male drivers were likely to suffer less severe injuries
than female drivers (-.07, Model 3), but males were more likely to be killed than females
(.19, Model 4). Older drivers were likely to be more severely injured (.05, Model 3) or
killed (.04, Model 4) than younger drivers. Drivers with an MBAC were likely to be less
severely injured (-.06, Model 3) or killed (-.02, Model 4) than drivers without an MBAC.
Drivers wearing helmets were likely to be less severely injured (-.04, Model 3), but more
likely to be killed (.04, Model 4), than drivers who were not wearing helmets. These
apparently contradictory findings regarding the effects of helmet use can probably be
explained by the speeding variable: wearing a helmet probably mitigated the adverse
effects of speed on injury up to a point, beyond which helmet use lost its beneficial
effects and drivers were killed by the forces encountered in the crash due to the speed
traveled.

Other noteworthy findings of Model 3 and 4 analyses include: Older drivers were more
likely to have an MBAC than younger drivers (.29), and males were somewhat less likely
to have an MBAC than females drivers (-.06). MBAC holders were less likely to be DUI
(-.22) and more likely to wear a helmet (.30) than drivers without an MBAC. In addition
to being somewhat less likely to have an MBAC, male drivers were more likely to be
DUI (.29) and to speed (.10), and less likely to over/under-compensate on a curve (-.12)
and to wear a helmet (-.05) than female drivers.
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Models 5 through 56: Single Vehicle, Multiple Vehicle, Sport Bike, Cruiser, and
Unknown Bike Type Crashes. Models 5 through 56 are presented in Appendix G,
including the remaining models listed in Table 4a for single vehicle crashes with
contributing driver actions of improper driving, driver inexperience, and other improper
driving, the multiple vehicle crash models listed in Table 4b, the sport/street bike crash
models listed in Table 4c, the cruiser crash models listed in Table 4d, and the unknown
bike type crash models listed in Table 4e. These models are not discussed in detail here
because of the large number of models and path coefficients. There are substantial
consistencies in findings across these models, however, as well as variations according to
breakdown variables that are quite informative. We summarize these findings in the next
section.
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Model 3. Demographics, Driver Actions (Speeding, Over/Under Compensation), Severity
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Findings of Series 1 Models

The findings of the Series 1 models for motorcycle crashes that occurred between 1997
and 2007 are summarized in Tables 6 through 15. These tables show the factors that
influenced crash outcomes (severity of driver injuries and fatalities) and driver actions
(DUI, speeding, helmet use, driver inexperience, over/under-compensation on a curve,
improper driving, other improper driving, and MBAC).

The tables are designed to facilitate comparisons across breakdown variables (single and
multiple vehicle crashes, sport/street bike, cruiser, and unknown bike type crashes) and
across contributing factors (driver actions, driver choices, driving record, and driver
demographics). Each cell presents the average path coefficient, the number of
statistically significant paths relative to the number of models in which the path was
tested, and the range of path coefficients across models in which the path was tested.

Table 5: Contributors to Severity of Driver Injuries. The first row of Table 5 shows the
effects of DUI on severity of driver injuries for single and multiple vehicle crashes, and
for sport bike, cruiser, and unknown bike type crashes. All values are positive, indicating
that drivers who were DUI at the time of the crash were likely to sustain more severe
injuries than drivers who were not DUI. The average path coefficient is greater for
multiple vehicle crashes (.54) than for single vehicle crashes (.40), indicating that DUI
played a somewhat greater role in determining injury severity in the former vs. the latter
crashes. Comparing types of motorcycles, DUI played a somewhat greater role in
determining injury severity in cruiser crashes (.48) as compared to sport bike (.41) and
unknown bike type (.39) crashes.

It should be noted that the single and multiple vehicle crash samples are distinct from one
another (i.e., they have no cases in common), and that sport bike, cruiser, and unknown
bike type samples are also mutually exclusive. However, single and multiple crash
samples are not independent of the sport bike, cruiser, and unknown bike type samples —
single and multiple crashes include all three types of motorcycles. With sample
characteristics in mind, it is noteworthy that each of the DUI — injury severity coefficients
is the largest value in its respective column. DUI has a greater impact on injury severity
than any other contributing factor, regardless of type of crash or type of motorcycle. The
fact that the path coefficients shown are standardized allows us to directly compare them
to determine relative effect sizes.

Other findings shown in Table 5 are also noteworthy. Speeding influenced injury
severity, such that speeding drivers were more severely injured than drivers who were not
speeding. The effect was the same regardless of whether it was a single or multiple
vehicle crash (.12). Speeding had the greatest influence on injury severity for sport bike
crashes (.14), and the least for cruiser crashes (.06). Compared to DUI, speeding played a
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Table 4b. Series 1 Models for Multiple Vehicle Motorcycle Crashes, 1997-2007
Multiple Vehicle Crashes

Model Crash Outcomes Crash Factors Antecedent Factors
17 Driver Iniurv S , Speeding Number of Sanctions
river Injury Severity Over/Under Compensation Number of Speeding Violations
_ _ DUI Number of DUI Violations
18 | Driver Fatality Helmet Use Driver's Age (at time of crash)
_ . . Speeding
19 Driver Injury Severity Over/Under Compensation Driver’'s Age (at time of crash)
aull tU Driver's Gender
20 Driver Fatality MeB'rA\n(e: S€
21 | Driver Injury Severity DUI Number of Sanctions
Improper Driving Number of DUI V|olat|op§ o
. ) Helmet Use Number of Improper Driving Violations
22 | Driver Fatality Driver's Age (at time of crash)
. , . DUI
23 Driverliniury Severity Improper Driving Driver’s Age (at time of crash)
24 Driver Fatality KI/IeBIECet Use Driver's Gender
; ; : DUI Number of Sanctions
25 D I S t
river Tnjury severtty Inexperience Number of DUI Violations
26 Driver Fatality Helmet Use Driver's Age (at time of crash)
27 Driver Injury Severit e
jary y Inexperience Driver’'s Age (at time of crash)
8 Driver Fatality KI/IeBIECet Use Driver's Gender
. . , Number of Sanctions
29 Driver Injury Severity DUI Number of DUI Violations
Other Improper Driving s C
30 Driver Fatalit Helmet Use Number of Improper Driving Violations
y Driver’'s Age (at time of crash)
. : , DUI
o NN Y Other Improper Driving Driver’s Age (at time of crash)
32 Driver Fatality Klﬂtgzgt Use Driver's Gender

Note. Number of Crashes: 10,718 for Models 17, 18, 21, 22, 25, 26, 29, and 30; 11,850 for Models 19, 20, 23, 24, 27, 28, 31,

and 32.
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Table 4c. Series 1 Models for Sport Bike Motorcycle Crashes, 1997-2007

Sport Bike Crashes

Model Crash Outcomes Crash Factors Antecedent Factors
Speeding Number of Sanctions
33 Driver Injury Severity Over/Under Compensation Number of Speeding Violations
DUI Number of DUI Violations
Helmet Use Driver’s Age (at time of crash)
Speeding
Over/Under Compensation N .
34 | Driver Injury Severity DUI g::zg:z ggeiéaetr T @F S,
Helmet Use
MBAC
DUI Number of Sanctions
, : : o Number of DUI Violations
35 Driver Injury Severity Improper Driving Number of Improper Driving Violations
Helmet Use Driver ;
river's Age (at time of crash)
DUI
36 Driver Injury Severity mﬁ)r:ffteag'vmg B:zz:: é%i(gaetr D CIAEER)
MBAC
DUI Number of Sanctions
37 Driver Injury Severity Inexperience Number of DUI Violations
Helmet Use Driver’s Age (at time of crash)
DUI
s | Drver iy Severty | [oX0erence e
MBAC
DUI Number of Sanctions
. . . . Number of DUI Violations
39 Driver Injury Severity Other Improper Driving Number of Improper Driving Violations
Helmet Use Driver ;
river's Age (at time of crash)
DUI
40| Driver Injury Severty | g7 TEOPEr PG Drivers Gender o
MBAC

Note. Number of Crashes: 3,649 for Models 33, 35, 37, and 39; 4,096 for Models 34, 36, 38, and 40.
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Table 4d. Series 1 Models for Cruiser Motorcycle Crashes, 1997-2007

Cruiser Crashes

Model Crash Outcomes Crash Factors Antecedent Factors
Speeding Number of Sanctions
41 Driver Injury Severity Over/Under Compensation Number of Speeding Violations
DUI Number of DUI Violations
Helmet Use Driver’s Age (at time of crash)
Speeding
Over/Under Compensation N .
42 | Driver Injury Severity DUI g::zg:z ggeiéaetr T @ S
Helmet Use
MBAC
DUI Number of Sanctions
, : : o Number of DUI Violations
43 Driver Injury Severity Improper Driving Number of Improper Driving Violations
Helmet Use Driver ;
river's Age (at time of crash)
DUI
44 Driver Injury Severity mﬁ)r:ffteag'vmg B:zz:: é%i(gaetr D CIAEER)
MBAC
DUI Number of Sanctions
45 Driver Injury Severity Inexperience Number of DUI Violations
Helmet Use Driver’s Age (at time of crash)
DUI
© | orverinuy Soverty | [oX0erence e
MBAC
DUI Number of Sanctions
. . . . Number of DUI Violations
47 Driver Injury Severity Other Improper Driving Number of Improper Driving Violations
Helmet Use Driver ;
river's Age (at time of crash)
DUI
48| Drver Injury Severy | g7 TEOPEr PG Drivers Gender o
MBAC

Note. Number of Crashes: 10,298 for Models 41, 43, 45, and 47; 10,919 for Models 42, 44, 46, and 48.
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Table 4e. Series 1 Models for Unknown Bike Type Motorcycle Crashes, 1997-2007
Unknown Bike Type Crashes

Model Crash Outcomes Crash Factors Antecedent Factors
Speeding Number of Sanctions
49 Driver Injury Severity Over/Under Compensation Number of Speeding Violations
DUI Number of DUI Violations
Helmet Use Driver’s Age (at time of crash)
Speeding
Over/Under Compensation N .
50 | Driver Injury Severity DUI g::zg:z ggeiéaetr T @F S,
Helmet Use
MBAC
DUI Number of Sanctions
, : : o Number of DUI Violations
51 Driver Injury Severity Improper Driving Number of Improper Driving Violations
Helmet Use Driver ;
river's Age (at time of crash)
DUI
52 Driver Injury Severity mﬁ)r:ffteag'vmg B:zz:: é%i(gaetr D CIAEER)
MBAC
DUI Number of Sanctions
53 Driver Injury Severity Inexperience Number of DUI Violations
Helmet Use Driver’s Age (at time of crash)
DUI
4| Drver iy Severty | [oX0erence e
MBAC
DUI Number of Sanctions
. . . . Number of DUI Violations
55 Driver Injury Severity Other Improper Driving Number of Improper Driving Violations
Helmet Use Driver ;
river's Age (at time of crash)
DUI
5 | Driver Injury Severty | g TROPEr OIS Drivers Gender o
MBAC

Note. Number of Crashes: 5,960 for Models 49, 51, 53, and 55; 6,988 for Models 50, 52, 54, and 56.
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Note. Blank cells indicate non-significant contributors/model paths.
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lesser role in determining injury severity. Over- or under-compensation on a curve also
contributed to injury severity for all except multiple vehicle crashes.

Inexperienced drivers tended to suffer somewhat more severe injuries than experienced
drivers, especially for single (.10) as compared to multiple vehicle crashes (.05). Driver
actions of improper driving (-.08) and other improper driving (-.13) were negatively
related to injury severity for multiple vehicle crashes, but not single vehicle crashes.
Investigating officers tended to attribute crashes to these driver actions when injuries
were less severe.

Helmet use showed a small negative relationship to injury severity for single vehicle
crashes (-.04), but a positive relationship for multiple vehicle crashes (.07). Wearing a
helmet tended to mitigate injury severity for the former, but exacerbate it for the latter
crashes. No relationship was found between helmet use and injury severity for sport bike
and cruiser crashes, perhaps because these crashes were not analyzed separately for
single and multiple vehicle crashes and the respective effects of helmets cancelled out.

MBAC showed consistently small negative relationships with injury severity. Drivers
with an MBAC sustained somewhat less severe injuries than drivers who did not (-.06 for
single vehicle crashes, -.07 for multiple vehicle crashes). This effect was strongest for
sport bike drivers (-.11), and weakest for cruiser drivers (-.03).

Number of DUI convictions on a driver’s record displayed moderately negative
relationships to injury severity, with path coefficients ranging from -.13 to -.15. Drivers
with DUI convictions tended to be less severely injured. As noted earlier, these drivers
also tended to be DUI in their crashes, and may have been driving more slowly to avoid
being stopped for speeding and thus incur another DUI (and associated penalties). Their
injuries were mitigated because they crashed at lower speeds than drivers who were DUI
and speeding. It is noteworthy that this effect appeared for all types of crashes.

Driver age showed small positive relationships to injury severity for all types of crashes
except sport bikes. Older drivers tended to be more severely injured than younger
drivers. Driver gender showed consistently small negative relationships to injury severity
for all types of crashes. Males were somewhat less severely injured than females.

Table 6: Contributors to Driver Fatalities. Table 6 shows the effects of contributing
factors on driver fatalities for single and multiple vehicle crashes. (Driver fatality models
were not tested for sport bike, cruiser, and unknown bike type crashes.) Several findings
regarding driver fatalities as distinct from injury severities are noteworthy. First, the
strongest effects in Table 5 are even stronger in Table 6. DUI plays a greater role in
crash fatalities than injuries for both single (.62 vs. .40) and multiple (.68 vs. .54) vehicle
crashes. Speeding also plays a greater role in fatalities than injuries (single vehicle, .22
vs. .12; multiple vehicle, .21 vs. .12). Helmet use slightly increases the likelihood of
fatalities for both single (.03) and multiple (.08) vehicle crashes. Males were
substantially more likely than females to die in single vehicle crashes (.22), but somewhat
less likely to die in multiple vehicle crashes (-.08).
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Table 6. Contributors to Driver Fatalities, Series 1 Models 1997-2007
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Note. Driver fatality models were not tested for sport bike, cruiser, and unknown bike type
crashes; therefore, these columns are blank. Blank cells indicate non-significant
contributors/model paths.
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(4/4, .24 to (4/4, .25 to (4/4, .04 to (4/4, 14 to
25 07 (4/4, .28 to .3) 17
l'IUIIIPIG . . WIINIIWVYYII WING
Vehicle Sport Bike Cruisers Type
Speeding - - - - -
Under/Over - . - - -
Compensation
Improper - - - - -
Driving
-17 .06 -.07 -.02 -.08
Inexperience (2/2,-.19 to - (1/2, .06 to (1/2,-.07 to - (2/2,-.06 to (2/2,-.08 to -
.14) .06) .07) .03) .07)
Other - - - - i
Improper
Driving
Helmet ) ) ) ) )
-.23 -.23 -.26 =22 -.28
MBAC (4/4,-24t0- | (4/4,-23t0- | (4/4,-27to- | (4/4,-22t0- | (4/4,-29 to-
.22) .23) .26) 22) .28)
Number of ) i 05 ) 04
Sanctions (4/4, .05 to (1/4, .04 to
.05) .04)
42 34 .38 .36 44
Number of (4/4, .34 t (4/4, .38 1 (4/4, .36t (4/4, 43 t
DUIs , .34 1o , .38 1o , .36 to , .43 1o
[l S0 7Y 34) 38) 36) 45)
Number of - - - - -
Speeding
Number of - - - - .07
Improper (2/2, .07 to
Driving 07)
.08 .07 12 -.06 1
Driver Age (7/8, .03 to (8/8, .02 to (8/8,.11 1o (8/8, -.08 to - (4/8, .09 to
12) 12) .14) .04) A1)
Driver Cender .28 25 .06 .29 16
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Note. Blank cells indicate non-significant contributors/model paths.
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Table 7: Contributors to DUI at Time of Crash. DUI plays an important role in crash
outcomes. Table 7 summarizes factors that affect whether or not a driver is DUI at the
time of the crash. The strongest influence on DUI at crash is the number of DUI
convictions on a driver’s record. The effect is somewhat greater for single vs. multiple
vehicle crashes (.42 vs. .34). For some drivers, DUI is a consistent behavior that
contributes to the severity of crash outcomes. As shown by analyses of Data Set 1
presented in Table 2 (Analysis 2), a history of DUI convictions may also increase the
likelihood of a crash.

Male drivers were more likely to be DUI at crash than female drivers for both single (.28)
and multiple (.25) vehicle crashes. The tendency for males to be DUI as compared to
females was greatest for cruiser crashes (.29), and weakest for sport bike crashes (.06).
MBAC drivers were less likely to be DUI at crash than non-MBAC drivers, regardless of
type of crash (values range from -.28 for unknown bike type crashes to -.22 for cruiser
crashes). Older drivers were somewhat more likely to be DUI at crash than younger
drivers for sport bike (.12) and unknown bike type (.11) crashes, but somewhat less likely
for cruiser crashes (-.06). Drivers who were described by investigating officers as
inexperienced were less likely to be DUI in single vehicle crashes (-.17), but somewhat
more likely to be DUI in multiple vehicle crashes (.06).

Table 8: Contributors to Speeding at Time of Crash. Several factors increased the
likelihood of speeding at the time of the crash. Chief among these was DUI, especially in
multiple vehicle crashes (.30). DUI drivers were more likely to be speeding, regardless
of type of motorcycle (sport bikes = .32; cruisers = .35; unknown bike type =.27).
Second in importance was driver age — younger drivers were more likely to be speeding
in single (-.17) and multiple (-.22) vehicle crashes. Driver gender also played a role, with
males more likely to speed than females in single (.10) and multiple (.09) vehicle crashes.
Considering type of motorcycle, however, a more complex pattern was found. Males
were more likely than females to speed in sport bike (.17) and unknown bike type (.11)
crashes, but females were more likely than males to speed in cruiser crashes (-.09). A
driver’s record of speeding convictions also increased the likelihood of speeding (.08),
suggesting that speeding, like DUI, is a reliable behavior that probably occurs on a
regular basis for some drivers. Finally, drivers with DUI convictions were somewhat less
likely to speed (values range from -.05 for single vehicle crashes to -.09 for multiple
vehicle crashes). As noted previously, these results suggest that some drivers with past
DUI convictions are less likely to speed, probably as a strategy to avoid being stopped
and charged with DUL

Table 9: Contributors to Helmet Use at Time of Crash. Several factors increased the
likelihood of wearing a helmet at the time of the crash. Chief among these was MBAC.
MBAC drivers were more likely to wear a helmet than drivers without an MBAC,
especially sport bike (.32) and unknown bike type (.44) drivers. DUI drivers were less
likely to wear a helmet than non-DUI drivers, especially in single vehicle crashes (-.19).
Older drivers were somewhat less likely to wear a helmet than younger drivers,
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Table 8. Contributors to Speeding at Time of Crash, Series 1 Models 1997-2007

Type of Crash
Contributing Single Multiple . . Unknown Bike
Factor Vehicle Vehicle Sport Bike Cruisers Type
18 .30 .32 .35 27
DUl
(2/2, 15t0.2) | % 2'3'32)6 fo | (2 2'3'62)8 fo | (2 2'3'53)4 1 (22, 2310 3)
Speeding - _ _ - _
2
o Under/Over - - - - -
1T Compensation
<
'g Improper - - - - -
a Driving
Inexperience ) ) ) ) )
Other - - . - ;
Improper
Driving
4 Helmet ) ) ) ) )
SO
(@) MBAC
Number of - - - - -
Sanctions
o Number of -.05 -.09 -.09 -.06 -.07
% DUIs (1/1,-.05 1o - (1/1,-.09 to - (1/1,-.09 to - (1/1,-.06 to - (1/1,-.07 to -
K .05) .09) .09) .06) .07)
o)
E Number of .08 .08 .09 .08 .08
= Speeding (1/1,.08 to (1/1,.08 to (1/1,.09 to (1/1,.08 to (1/1,.08 to
a .08) .08) .09) .08) .08)
Number of - - - - ;
Improper
Driving
o =17 -.22 -.14 - -.22
_= Driver Age (2/2,-1710- | (2/2,-22to- | (2/2.-.16t0- (2/2,-.22 to -
o 17) .22) 12) 21)
£ O
[a) g .10 .09 A7 -.09 1
7 Driver Gender (/1 o) | (110910 (1/1,17to | (1/1,-09to- | (1/1,.11to0
a o 09) 17) 09) 11)
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Note. Blank cells indicate non-significant contributors/model paths.
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Driver Actions

Driver Choices

mo

Driving Record

ar

Table 9. Contributors to Helmet Use at Time of Crash, Series 1 Models 1997-2007

/ O -

A O -

Type of (Crash

-.05 - - -.04 -.04
Driver Gender | (474, -05 to - (4/4,-05t0- | (3/4,-04to -
.05) 04) 04)
DUl (8/8,-23t0- | (8/8,-.19 1o - (8/8,-2to- | (8/8,-2510 -
.15) 06) 14) 06)
03 - 06 -.04 A1
Speeding (1/2, .03 to (1/2, 0610 | (1/2,-04to- | (2/2..09to
.03) 06) 04) 12)
Under/Over ) 13 .07 .03 .10
Compensation (2/2, .12 10 (2/2, .06 to (1/2, .03 to (2/2, .08 to
13) 07) 03) 11)
-.03 06 - 04 -03
Improper
Driving (1/2,-.03 fo - (2/2, .04 to (1/2, .04 to (1/2,-.03 to -
03) 07) 04) 03)
- .06 .04 -.03 .08
Inexperience (2/2, .05 o (1/2, 0410 | (1/2,-03t0- | (2/2, 0810
07) 04) 03) .08)
Other -.05 -.05 -.06 -02 -.04
Improper (1/2,-05t0- | (1/2,-05t0- | (2/2,-06to- | (1/2,-02to- | (1/2,-04to -
Driving .05) 05) 05) 02) 04)
Helmet i i i ) i
.30 37 32 12 44
MBAC
(4/4, 310 3] (4/4, 36 to (4/4, 31 to (4/4, 12 to (4/4, 43 to
.38) 33) 13) 45)
-.07 -07 -.09 -.06 -10
Number of
Sanctions (4/4,-07to- | (4/4,-07to- | (4/4,-11to- | (4/4,-06to- | (4/4,-11to-
07) 07) .08) 06) 1)
Number of ) ) - - .06
DUIs (4/4, .06 to
06)
Number of ) ) 07 - .06
Speeding (1/1,.07 to (1/1, .06 to
07) 06)
Number of - ; - - i
Improper
Driving
12 -10 -.08 -.08 -.09

Driver Age
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Note. Blank cells indicate non-significant contributors/model paths.
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regardless of type of motorcycle or crash (values ranged from -.08 for sport bikes and
cruisers, to -.12 for single vehicle crashes). Drivers with a history of PennDOT sanctions
were less likely to wear a helmet (values ranged from -.06 to -.10), and males were
slightly less likely than females to wear a helmet in single vehicle crashes (-.05). Other
driver actions (speeding, over/under-compensation on a curve, improper driving, driver
inexperience, and other improper driving) generally showed small and inconsistent
influences on helmet use.

Table 10: Contributors to Driver Inexperience. Female drivers were substantially more
likely than male drivers to be rated as inexperienced by investigating officers, especially
in single (-.38) vs. multiple (-.21) vehicle crashes. Younger drivers were more likely than
older drivers to be rated as inexperienced, especially in multiple (-.33) vs. single (-.21)
vehicle crashes. Drivers with an MBAC were less likely to be rated as inexperienced,
especially among sport bike drivers (-.24). Drivers with a records of DUI convictions
were also less likely to be rated as inexperienced (values ranged from -.04 for multiple
vehicle crashes to -.10 for single vehicle crashes).

Table 11: Contributors to Over/Under-compensation at a Curve. Drivers who were
speeding were more likely to over- or under-compensate on a curve, especially in
multiple (.30) vs. single (.08) vehicle crashes. DUI drivers were also more likely to over-
or under-compensate, particularly in cruiser crashes (.26). Male drivers were less likely
than females to over- or under-compensate, regardless of type of crash or motorcycle
(values ranged from -.12 for single vehicle crashes to -.25 for cruiser crashes). Drivers
with an MBAC were somewhat less likely to over- or under-compensate at a curve.

Table 12: Contributors to Improper Driving at Time of Crash. The most consistent
influence on improper driving at the time of the crash was MBAC — MBAC drivers were
less likely to drive improperly than drivers without an MBAC (values ranged from -.11
for single vehicle crashes to -.19 for multiple vehicle crashes). DUI drivers were more
likely to drive improperly, especially in multiple vehicle crashes (.21). Males were
somewhat less likely to drive improperly than females, and drivers with records of
improper driving violations were somewhat more likely to drive improperly.

Table 13: Contributors to Other Improper Driving at Time of Crash. The most
consistent influence on other improper driving was MBAC — MBAC drivers were less
likely to be noted as other improper driving than drivers without an MBAC (values
ranged from -.06 for sport bike crashes to -.16 for multiple vehicle crashes). Number of
improper driving violations on record slightly increased the likelihood of other improper
driving. The effects of other contributing factors were inconsistent in both direction and
magnitude of effects across types of crashes.

Table 14: Contributors to Possession of an MBAC. Two factors affected whether or not a
driver in a crash had an MBAC, driver age and gender. Older drivers were more likely
than younger drivers to have an MBAC, especially drivers of cruisers (.29) and unknown
bike types (.29). Males were somewhat less likely than females to have an MBAC,
especially among sport bike drivers (-.22).
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Table 10. Contributors to Inexperience at Time of Crash, Series 1 Models 1997-2007

Type of Crash
Contributing Single Multiple . . Unknown Bike
Factor Vehicle Vehicle Sport Bike Cruisers Type
DUI ) ) ) ) )
Speeding - - - - -
g Under/Over . - - - -
iri| Compensation
<
o Improper - - - - -
Z Driving
o
Inexperience ) ) ) ) )
Other - - - - ;
Improper
Driving
o i} } } i} }
L Helmet
o
L
2 -2 -18 -.24 -7 -.09
“5’ MBAC (1/1,-12to- | (1/1,-18to- | (1/1,-24to- | (1/1,-17to- | (1/1,-.09 to -
o 12) .18) 24) 17) .09)
Number of - . - - -
Sanctions
'g Number of -.10 -.04 -.06 -.06 -.05
o DUIs (1/1,-1 10 -1) (1/1,-04to- | (1/1,-06to- | (1/1,-.06t0- (1/1,-.05to -
o .04) .06) .06) .05)
o
£ Number of - - - - -
B Speedin
= peeding
Number of - - - - ,
Improper
Driving
& -21 -.33 -21 -.08 -25
_E Driver Age (2/2,-22to- | (2/2,-35t0- | (2/2,-22t0- | (2/2,-11to- | (2/2,-.26t0 -
) 2) 3) 19) .05) .23)
5 g’ -38 _21 -35 4] _34
oy DriverGender | (1/1,-38t0- | (1/1,-21to- | (1/1,-35t0- | (1/1,-41to- | (1/1,-34to -
a 38) 21) 35) 41) 34)
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Note. Blank cells indicate non-significant contributors/model paths.
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Table 11. Contributors to Over/Under Compensation at Time of Crash, Series 1 Models 1997-2007

Contributing
Factor

(1/1,-12to -

Vehicle

(1/1,-18to -

Multiple
Vehicle

(1/1,-21to0-.2)

Sport Bike

(1/1,-.25to -

Cruisers

(1/1,-13 to -

Unknown Bike

Type

Driver Gender

DUl (2/2, .09 to (2/2, 17 to (2/2, .23 to (1/2, 15 to
13) 19) .28) .15)
.08 .30 25 16 .24
Speeding (2/2, .06 to (2/2, 29 10 .3) (2/2, 23 to (2/2, .15 to (2/2, 23 to
2 .09) o ' 26) 16) .24)
B Under/Over - - - - -
-8 Compensation
o
2 Improper - - - - -
(a] Driving
Inexperience ) ) ) _ )
Other - - - - ,
Improper
Driving
@ ; , ; ; ;
o Helmet
o
L
% - -08 -10 -.09 -03
2 MBAC (1/1.-08%0- | 1)1 1ioyy | (120940~ | (1/1,-030-
o .08) C ' .09) .03)
Number of i i i i -07
Sanctions (1/1, 0%7 to -
© - - - -
° Number of 03 07
8 DUls (]/],-.031'0- (]/],071'0
o .03) .07)
o
:§ Number of ) -09 i ) i
a Speeding (1/1, 6;))9 to -
Number of - - . - ;
Improper
Driving
o - - .07 .04 .07
) .
- Driver Age (1/2..07to | (1/2, 04to (2/2. .06 to
5 € .07) .04) .08)
a 12 18 -20 -25 13
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Note. Blank cells indicate non-significant contributors/model paths.
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Table 12. Contributors to Improper Driving at Time of Crash, Series 1 Models 1997-2007

Type of Crash
Contributing Single Multiple . . Unknown Bike
Factor Vehicle Vehicle Sport Bike Cruisers Type
.04 21 .06 .08 .07
DUl (2/2, .03 to (1/2, .06 to (2/2, .07 to (2/2, .05 to
05) (2/2..210.22) 06) 08) 08)
Speeding - _ _ - _
2
o Under/Over - - - - -
1T Compensation
<
'g Improper - - - - -
a Driving
Inexperience ) ) ) ) )
Other - - - - ;
Improper
Driving
@ i } } i }
o Helmet
o
L
< S -19 -13 -13 -18
0
2 MBAC (1/1,-11to- | (1/1,-19t0- | (1/1,-13to- | (1/1,-13to- | (1/1,-.18to -
(a) A1) .19) .13) .13) .18)
Number of - - - - -
Sanctions
-g Number of ) i e ) i
8 DUIs (]/],-.05 fo -
o .05)
E’ Number of - - - - -
> .
= Speedin
s P g
Number of - .06 .05 .05 .05
Imprgper (1/1, .06 to (1/1,.05 to (1/1,.05 to (1/1, .05 to
Driving .06) .05) .05) .05)
& - -.04 -.04 - -
. i Driver Age (1/2,-04t0- | (1/2,-04to -
2 04) 04)
o2 -.04 11 - -.05 -.07
- Driver Gender
o (1/1,-04to- | (1/1,-11to- (1/1,-.05to - (1/1,-.07 to -
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- 04) \ 1) \ \ 05) \ 07)

Note. Blank cells indicate non-significant contributors/model paths.
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Table 13. Contributors to Other Improper Driving at Time of Crash, Series 1 Models 1997-2007

Type of Crash
Contributing Single Multiple . . Unknown Bike
Factor Vehicle Vehicle Sport Bike Cruisers Type
-.05 .20 -.13 .10 21
DUI (2/2,-06to- | (2/2,.16t0 | (2/2,-1410- (2/2, .15 to
03) 04) 12) (2/2,.0910.1) 27)
Speeding - _ _ - _
e
o Under/Over - - - - -
1T Compensation
<
'g Improper - - - - -
a Driving
Inexperience ) ) ) ) )
Other - - - - ;
Improper
Driving
s _ } B} _ B}
o Helmet
2
< S -16 -.06 -.07 -4
o
2 MBAC (1/1,-11to- | (1/1,-16to- | (1/1,-06to- | (1/1,-07to- | (1/1,-.14to -
a 11) 16) .06) 07) 14)
Number of - - - - -
Sanctions
5 | Momibers _ (1/1 _'Oossf (1/1.027’r _ P
v DUIs ¢ U910 - , D/ 10 “1to-
9 05) 07) (1/1,-.110-.1)
E’ Number of - - - - -
-.QZ_ Speeding
Number of .04 .05 .05 - .07
Improper (1/1, 04 to (1/1, .05 to (1/1, .05 to (1/1,.07 to
Driving .04) .05) .05) .07)
& - -.06 - .04 -.04
. i Driver Age (2/2, -.06 to - (2/2, 03 to (2/2,-.04 to -
2 .05) 04) 03)
o2 04 -03 .09 -.07 -
- Driver Gender
a (1/1, .04 to (1/1,-.03 to - (1/1, .09 to (1/1,-.07 to -
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| 04) | 03) | .09)

07)

Note. Blank cells indicate non-significant contributors/model paths.
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Table 14. Contributors to MBAC, Series 1 Models 1997-2007

Contributing
Factor

Single
Vehicle

Multiple
Vehicle

Type of Crash

Sport Bike

Cruisers

Unknown Bike

Driver Actions

DUI

Type

Speeding

Under/Over
Compensation

Improper
Driving

Inexperience

Other
Improper
Driving

Helmet

Driver

Driving Record

MBAC

Number of
Sanctions

Number of
DUlIs

Number of
Speeding

Number of
Improper
Driving

Driver Age

29

(4/4, 29 to
29)

34

(4/4, 3410
34)

.06

(4/4, .06 to
06)

29

(4/4, 29 to
29)

29

(4/4, 29 to
29)

Driver
Demographics

Driver Gender

-.06

(4/4, -.06 to -
06)

-.22

(4/4, -22 to -
22)

-.05

(4/4, -.05 fo -
05)

-.10
(4/4,-.1to-.1)
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Note. Blank cells indicate non-significant contributors/model paths.
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Summary of Findings of Series 1 Models

Figures 7 and 8 summarize the findings of the Series 1 models. Figure 7 shows the
variables that affect each factor (driver choices, driver actions, and crash outcomes).
= Bold upward arrows indicate stronger direct effects of one variable on the other.
For example, a greater number of DUI convictions substantially increased the
likelihood that a driver was DUI at the time of the crash.
= Non-bold upward arrows indicate weaker direct effects. For example, females
were somewhat more likely than males to have an MBAC.
= Bold downward arrows indicate stronger inverse effects. For example, drivers
with an MBAC were substantially /ess likely to be DUI at the time of the crash
than drivers without an MBAC.
= Non-bold downward arrows indicate weaker inverse effects. For example, drivers
with an MBAC were somewhat /ess likely to be killed in a crash than drivers
without an MBAC.
Bold arrows correspond to average path coefficients associated with a factor of .15 or
greater, non-bold arrows correspond to average path coefficients associated with a factor
of less than .15. Figure 8 summarizes the same findings as Figure 7, but organizes them
according to the variables that each factor affects.
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Figure 7. Findings of Series 1 Models: Effects on Driver Choices, Driver Actions, and Crash Outcomes
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Figure 8. Findings of Series 1 Models: Effects of Driver Demographics, Records, Choices, and Actions
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Series 2 Models

Series 2 models listed in Tables 5a through 5e were tested on each of five subsets of Data
Set 3: (1) 8 models of single vehicle crashes; (2) 8 models of multiple vehicle crashes; (3)
8 models of sport/street bike crashes; (4) 8 models of cruiser crashes; and (5) 8 models of
crashes of unknown motorcycle types. These 40 models were tested on the “PAMSP
era” subset of crashes of Data Set 3. We were provided PAMSP records for 2004
through 2007, and we therefore included only Pennsylvania motorcycle drivers with an
initial MBAC date during this period in Series 2 analyses. This was necessary because
we do not know which drivers may have received PAMSP training prior to 2004. In
order to fairly compare drivers with vs. without PAMSP training, we needed a sample of
drivers who began driving a motorcycle in 2004 or later. Application of this criterion
allowed us to be reasonably confident that these drivers were not driving motorcycles and
did not attend PAMSP training courses prior to 2004.

Series 2 Single Vehicle Crash Models. Eight models were tested on single vehicle
crashes. As shown in Table 15a, each model included a distinct set of variables. For
example, Models 57 and 58 tested the effects on crash outcomes of the contributing
driver actions of speeding and over/under-compensation on a curve. Model 57 included
the crash outcome of severity of injuries to the motorcycle drivers, and Model 58
included the crash outcome of motorcycle driver fatalities. All Series 2 models included
the driving record variable of number of sanctions, as well as PAMSP pass and driver’s
age. Models 57 and 58 also included the driving record variables of number of DUI
violations and number of speeding violations. (Note that driving records show violations
for any vehicle driven; type of vehicle, whether motorcycle or otherwise, is not recorded.)
Models 59 and 60 included the focal contributing driver action of improper driving,
Models 61 and 62 included the focal contributing driver action of driver inexperience,
and Models 63 and 64 included the focal contributing driver action of other improper
driving.

Models 57 and 58: Driving Records, Speeding, Severity of Injuries, and Fatalties.
Models 57 and 58 tested relationships among: (a) a motorcycle driver’s history regarding
specific types of violations (i.e., speeding and DUI convictions); (b) whether the driver
passed a PAMSP course, either BRC or ERC; (¢) the driver’s age at the time of the crash;
(c) whether speeding, over/under-compensating on a curve, DUI, and helmet use were
factors in the crash; and (d) crash outcomes including severity of driver injuries (Model
57) and fatalities (Model 58).

Model 57 shows results for 1,506 single vehicle crashes, with severity of driver injuries
as the crash outcome, speeding, over/under-compensating, DUI, and helmet use as crash
factors, and driving records, PAMSP pass, and age as antecedent factors. A total of five
variables in the model directly influenced injury severity. In descending order of
magnitude of influence, these are: DUI at the time of the crash, speeding at the time of
the crash, number of DUI violations on record, over/under-compensating on a curve, and
driver age. The path coefficient for DUI at the time of the crash (.38) reveals that it had
the greatest influence of any of these variables, such that DUI drivers were likely to be
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Table 15a. Series 2 Models for Sing
Single Vehicle Crashes

Model Crash Outcomes

57 Driver Injury Severity

58 Driver Fatality

le Vehicle Motorcycle Crashes and PAMSP Training, 2004-2007

Crash Factors

Speeding
Over/Under Compensation
DUI

Antecedent Factors
Number of Sanctions
Number of Speeding Violations
Number of DUI Violations
PAMSP Pass

Helmet Use Driver’'s Age (at time of crash)
59 Driver Iniury S it Number of Sancti.ons.
river injury severity DUI Number of DUI Violations
Improper Driving Number of Improper Driving Violations
60 Driver Fatality Helmet Use PAMSP Pass
Driver’'s Age (at time of crash)
_ _ _ Number of Sanctions
61 | Driver Injury Severity ag:(perience Number of DUI Violations
PAMSP Pass
62 | Driver Fatality Helmet Use Driver's Age (at time of crash)
63 Driver Iniurv S it Number of Sanctions
river injury seventy DUI Number of DUI Violations
Other Improper Driving Number of Improper Driving Violations
64 Driver Fatality Helmet Use PAMSP Pass

Driver’s Age (at time of crash)

Note. Number of Crashes: 1,506 for all Models.

80



Model 57. Driving Record, PAMSP, Driver Actions, Severity

Sanctions? DUI

Number of 5
Whether the driver was DUl at
the time of the crash

DUI Violations
Num pul e £
Speeding
Whether the driver was speeding
at the time of the crash

Speed

Number

Over/Under
MSP Pass Compensation

The driver over- or under-
compensated on a curve

Helmet
Whether the driver was wearing a
helmet at the time of crash

Injury Severity
The severity of injury to the driver

DUI
@ Whether the driver was DU at
the time of the crash
§
Speeding
CaRag e
4 .
' ’&
' <] Over/Under

Compensation
4\ The driver over- or under-
compensated on a curve

‘Whether the driver was wearing a Whether the driver was killed due to
helmet at the time of crash the crash
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more severely injured than non-DUI drivers. Drivers who were speeding (.12) were also
likely to be more severely injured than non-speeding drivers. Drivers who over- or
under-compensated on a curve (.09) were likely to be more severely injured than drivers
who did not. Older drivers were likely to be more severely injured than younger drivers
(.08). Drivers with records of DUI violations were likely to be less severely injured than
drivers without such records (-.11) — as explained above in the discussion of Model 1,
this probably indicates that some drivers with a history of DUI violations avoided
speeding when they were drunk-riding to avoid being caught for DUI. When they
nevertheless crashed, they did so at lower speeds than other DUI drivers, thus mitigating
crash outcomes.

DUI at time of crash plays a central role in Model 57 (and in all other crash models
tested). In addition to greater likelihood of severe injury, DUI drivers were more likely
to speed (.26) and less likely to wear a helmet (-.39) at the time of the crash. Three
antecedent factors in the model influenced DUI at the time of the crash: number of DUI
violations on record (.37), MPS pass (-.27), and driver age (.15). Drivers with DUI
convictions on record were substantially more likely to crash while DUI than drivers
without DUI convictions. Considering that the probability of being caught for DUI is
small, it may be that drivers who crash while DUI frequently ride in this condition.
Drivers who passed a PAMSP course (BRC, ERC, or both) were less likely to crash
while DUI than drivers who did not take or pass a PAMSP course. Older drivers were
more likely to be DUI than younger drivers.

There was a small positive relationship between number of speeding violations on record
and the likelihood of speeding at the time of the crash (.09), suggesting that drivers who
regularly exceeded the speed limits also did so when riding. Younger drivers were more
likely to speed (-.24) than older drivers, as were DUI drivers (.26). Speeding drivers
(.20) were more likely to wear a helmet, and DUI drivers (-.39) were less likely to wear a
helmet at the time of the crash.

Model 58 shows results for 1,506 single vehicle crashes, with driver fatalities as the crash
outcome variable. The paths in this model are the same as those shown in Model 57,
with one exception. A path showing an inverse relationship between number of speeding
violations and fatalities (-.10) is present. Another noteworthy difference between Models
57 and 58 concerns the magnitudes of the path coefficients for variables that directly
influence fatalities. DUI (.58) and speeding (.32) at the time of the crash have even
greater influences on driver fatalities than on severity of injuries. That is, not only are
DUI and speeding drivers likely to be more severely injured, they are even more likely to
be killed than non-DUI and non-speeding drivers who crash. As noted above, some
drivers who have records of DUI violations avoid speeding, probably to avoid getting
caught for DUI; these drivers are even less likely to be killed in a crash (-.20).

Models 59 through 96: Single Vehicle, Multiple Vehicle, Sport Bike, Cruiser, and
Unknown Bike Type Crashes. Models 59 through 96 are presented in Appendix G,
including the remaining models listed in Table 15a for single vehicle crashes with
contributing driver actions of improper driving, driver inexperience, and other improper
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driving, the multiple vehicle crash models listed in Table 15b, the sport/street bike crash
models listed in Table 15c¢, the cruiser crash models listed in Table 15d, and the unknown
bike type crash models listed in Table 15e. These models are not discussed in detail here
because of the large number of models and path coefficients. There are substantial
consistencies in findings across these models, however, as well as variations according to
breakdown variables that are quite informative. We summarize these findings in the next
section.

Findings of Series 2 Models

The findings of the Series 2 models for motorcycle crashes of drivers who obtained an
MBAC between 2004 and 2007 are summarized in Tables 16 through 24. These tables
show the factors that influenced crash outcomes (severity of driver injuries and fatalities)
and driver actions (DUI, speeding, helmet use, driver inexperience, over-/under-
compensation on a curve, improper driving, and other improper driving). The tables are
designed to facilitate comparisons across breakdown variables (single and multiple
vehicle crashes, sport/street bike, cruiser, and unknown bike type crashes) and across
contributing factors (driver actions, driver choices, driving record, and driver
demographics). Each cell presents the average path coefficient, the number of
statistically significant paths relative to the number of models in which the path was
tested, and the range of path coefficients across models in which the path was tested.

Table 16: Contributors to Severity of Driver Injuries. The first row of Table 16 shows
the effects of DUI on severity of driver injuries for single and multiple vehicle crashes,
and for sport bike, cruiser, and unknown bike type crashes. All values are positive,
indicating that drivers who were DUI at the time of the crash were likely to sustain more
severe injuries than drivers who were not DUI. The average path coefficient is greater
for single vehicle crashes (.42) than for multiple vehicle crashes (.35), indicating that
DUI played a somewhat greater role in determining injury severity in the former vs. the
latter crashes. Comparing types of motorcycles, DUI played a somewhat greater role in
determining injury severity in cruiser (.44) and sport bike crashes (.43) as compared to
unknown bike type crashes (.26).

Other findings shown in Table 16 are also noteworthy. Speeding influenced injury
severity, such that speeding drivers were more severely injured than drivers who were not
speeding, especially for multiple (.22) vs. single vehicle crashes (.12). Speeding had the
greatest influence on injury severity for sport bike crashes (.23), and the least for cruiser
crashes (.08). Compared to DUI, speeding played a lesser role in determining injury
severity. Over- or under-compensation on a curve also contributed to injury severity for
single vehicle crashes.

Inexperienced drivers tended to suffer somewhat more severe injuries than experienced
drivers (values ranged from .07 for sport bikes to .17 for cruisers). Driver actions of
improper driving (-.09) and other improper driving (-.16) were negatively related to
injury severity for multiple vehicle crashes, but not single vehicle crashes. Investigating
officers tended to attribute crashes to these driver actions when injuries were less severe.
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Table 15b. Series 2 Models for Multiple Vehicle Crashes and PAMSP Training, 2004-2007
Multiple Vehicle Crashes

Model Crash Outcomes Crash Factors Antecedent Factors

65 Driver Injury Severity Speeding Number of Sancti(_)ns D
Over/Under Compensation Hﬂmgg 8: SB(Te\;jig}gﬁ\(/)lr?lsatlons
66 Driver Fatality agllmet Use PAMSP Pass
Driver’'s Age (at time of crash)
67 Driver Iniury S it Number of Sancti.ons.
river injury severity DUI Number of DUI Violations
Improper Driving Number of Improper Driving Violations
68 Driver Fatality Helmet Use PAMSP Pass
Driver’'s Age (at time of crash)
. . . Number of Sanctions
69 | Driver Injury Severity ag:(perience Number of DUI Violations
PAMSP Pass
70 | Driver Fatality Helmet Use Driver's Age (at time of crash)
71 Driver Iniurv S it Number of Sanctions
river injury seventy DUI Number of DUI Violations
Other Improper Driving Number of Improper Driving Violations
72 Driver Fatality Helmet Use PAMSP Pass
Driver’s Age (at time of crash)

Note. Number of Crashes: 1,425 for all Models.



Table 15c. Series 2 Models for Sport Bike Crashes and PAMSP Training, 2004-2007
Sport Bike Crashes

Model Crash Outcomes

73 Driver Injury Severity

74 Driver Fatality

Crash Factors

Speeding
Over/Under Compensation
DUI

Antecedent Factors
Number of Sanctions
Number of Speeding Violations
Number of DUI Violations
PAMSP Pass

78 Driver Fatality

Note. Number of Crashes: 831 for all Models. Models 79 and 80 did not produce proper statistical solutions and are not

included in Appendix G.

Helmet Use Driver’'s Age (at time of crash)
75 Dri Ini S it Number of Sancti.ons.
river injury severity DUI Number of DUI Violations
Improper Driving Number of Improper Driving Violations
76 Driver Fatality Helmet Use PAMSP Pass
Driver’'s Age (at time of crash)
] ) ] Number of Sanctions
” Driver Injury Severity ag:(perience Number of DUI Violations
Helmet Use PAMSP Pass

Driver's Age (at time of crash
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Table 15d. Series 2 Models for Cruiser Crashes and PAMSP Training, 2004-2007
Cruiser Crashes

Model Crash Outcomes Crash Factors Antecedent Factors

81 Driver Injury Severity Speeding Number of Sancti(_)ns D
Over/Under Compensation Hﬂmgg 8: grl)JtTe\?ig}gﬁ\(/)lr?lsatlons
82 Driver Fatality agllmet Use PAMSP Pass
Driver’'s Age (at time of crash)
83 Driver Injury Severity MU @ Sanctllons.
DUI Number of DUI Violations
Improper Driving Number of Improper Driving Violations
84 Driver Fatality Helmet Use PAMSP Pass
Driver’'s Age (at time of crash)
. . . Number of Sanctions
85 | Driver Injury Severity ag:(perience Number of DUI Violations
PAMSP Pass
86 | Driver Fatality Helmet Use Driver's Age (at time of crash)
87 Driver Iniurv S it Number of Sanctions
river injury seventy DUI Number of DUI Violations
Other Improper Driving Number of Improper Driving Violations
88 Driver Fatality Helmet Use PAMSP Pass
Driver’s Age (at time of crash)

Note. Number of Crashes: 869 for all Models.



Table 15e. Series 2 Models for Unknown Bike Type Crashes and PAMSP Training, 2004-2007
Unknown Bike Type Crashes

Model Crash Outcomes Crash Factors Antecedent Factors

89 Driver Injury Severity Speeding Number of Sancti(_)ns D
Over/Under Compensation Hﬂmgg 8: SB(Te\;jig}gﬁ\(/)lr?lsatlons
90 Driver Fatality agllmet Use PAMSP Pass
Driver’'s Age (at time of crash)
91 Driver Iniury S it Number of Sancti.ons.
river injury severity DUI Number of DUI Violations
Improper Driving Number of Improper Driving Violations
92 | Driver Fatality Helmet Use PAMSP Pass
Driver’'s Age (at time of crash)
. . . Number of Sanctions
93 | Driver Injury Severity ag:(perience Number of DUI Violations
PAMSP Pass
94 | Driver Fatality Helmet Use Driver's Age (at time of crash)
95 Driver Iniurv S it Number of Sanctions
river injury seventy DUI Number of DUI Violations
Other Improper Driving Number of Improper Driving Violations
96 Driver Fatality Helmet Use PAMSP Pass
Driver’s Age (at time of crash)

Note. Number of Crashes: 1,144 for all Models.



Table 16. Contributors to Injury Severity, Series 2 Models 2004-2007

4 ‘3 43 44 24
DUl 4/4, 38 to 3/4, 33 to 4/4, 39 to 4/4, 25 to
“ 46) (44, 2610 4) | 49) “ 51) “ 29)
12 22 .23 .08 .09
Speeding (1/1, .12 to (1/1, .22 to (1/1, 23 to (1/1, .08 to (1/1,.09 to
12) 22) 23) 08) 09)
Under/Over 08 ) ) ) 20
Compensation “/].'0-80)8 fo (1/1, .2 to0 .2)
Improper ) -09 A - -
Driving (1/1,-.09 to - (1/1,.11 1o
.09) 1)
1 15 .07 A7 -
Inexperience (1/1, .11 to (1/1, 15 to (1/1, .07 to (1/1, 17 to
11) 15) 07) 17)
Other - -.16 - - -
Improper (1/1,-16 1o -
Driving 16)
- - 13 - =11
Helmet (2/4, 12 to (4/4,-15to -
14) .09)
= .06 - .09 i
PAMSP Pass (1/4, .06 to (1/4, .09 to
.04) .09)
Number of ) i i ) -07
Sanctions (1/4,-.07 to -
07)
Number of =11 =11 -.20 -.10 -.10
DUIs (4/4,-12to- | (4/4,-13to- | (3/4,-22t0- (4/4,-.1 to - (4/4,-13 to -
11) 09) 17) 09) 09)
Number of - - - - -
Speeding
Number of - - - - .09
Improper (1/2,.09 to
Driving 09)
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Note. Blank cells indicate non-significant contributors/model paths.
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Helmet use showed a small negative relationship to injury severity for unknown bike type
crashes (-.11), but a positive relationship for sport bike crashes (.13). Wearing a helmet
tended to mitigate injury severity for the former, but exacerbate it for the latter crashes.

Number of DUI convictions on a driver’s record displayed moderately negative
relationships to injury severity, with path coefficients ranging from -.10 to -.20. Drivers
with DUI convictions tended to be less severely injured. As noted earlier, these drivers
also tended to be DUI in their crashes, and may have been driving more slowly to avoid
being stopped for speeding and thus incur another DUI (and associated penalties). Their
injuries were mitigated because they crashed at lower speeds than drivers who were DUI
and speeding. It is noteworthy that this effect appeared for all types of crashes.

Table 17: Contributors to Driver Fatalities. Table 17 shows the effects of contributing
factors on driver fatalities. Several findings regarding driver fatalities as distinct from
injury severities are noteworthy. First, the strongest effects in Table 16 are even stronger
in Table 17. DUI plays a greater role in crash fatalities than injuries for both single (.69
vs. .42) and multiple (.65 vs. .35) vehicle crashes, and for cruiser crashes (.86 vs. .44).
Speeding also plays a greater role in fatalities than injuries (single vehicle, .32 vs. .12;
multiple vehicle, .37 vs. .22; sport bikes, .33 vs. .23; unknown bike types, .50 vs. .09).
Helmet use slightly increases the likelihood of fatalities for both single (.09) and multiple
(.13) vehicle crashes. Passing a PAMSP course increases the likelihood of fatalities in
single (.07) and multiple (.24) vehicle crashes, and in cruiser (.24) and unknown bike
type (.21) crashes. However, passing a PAMSP course decreases the likelihood of
fatalities in sport bike crashes (-.11).

Table 18: Contributors to DUI at Time of Crash. DUI plays an important role in crash
outcomes. Table 18 summarizes factors that affect whether or not a driver is DUI at the
time of the crash. The strongest influence on DUI at crash is the number of DUI
convictions on a driver’s record (values ranged from .26 for cruiser crashes to .48 for
unknown bike type crashes). For some drivers, DUI is a consistent behavior that
contributes to the severity of crash outcomes. As shown by analyses of Data Set 1
presented in Table 2 (Analysis 2), a history of DUI convictions may also increase the
likelihood of a crash.

Drivers who passed a PAMSP course were substantially less likely to be DUI than drivers
who did not take or pass a PAMSP course (values ranged from -.29 for single vehicle and
sport bike crashes to -.41 for unknown bike type crashes). Drivers who were described
by investigating officers as inexperienced were less likely to be DUI (values ranged from
-.11 for unknown bike type crashes to -.32 for single vehicle and cruiser crashes). Older
drivers were somewhat more likely to be DUI at crash than younger drivers (values
ranged from .14 for unknown bike type crashes to .20 for multiple vehicle crashes).

Table 19: Contributors to Speeding at Time of Crash. Several factors increased the
likelihood of speeding at the time of the crash. Chief among these was DUI. DUI drivers
were more likely to be speeding, regardless of type of crash (single vehicle = .26;
multiple vehicle = .35) or motorcycle (sport bikes = .32; cruisers = .47; unknown bike
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Table 17. Contributors to Fatality, Series 2 Models 2004-2007

7

1

%9 45 42 Y 16
DUI (4/4, .58 to (4/4, .45 to (3/4, .29 to (4/4, 81 to
74) 73) 54) 91) (4/4,.110.26)
32 37 33 07 .50
Speedin
g (1/1, .32 to (1/1, .37 to (1/1, .33 to (1/1, .07 to (171, 510 5)
32) 37) .33) .07)
Under/Over .08 ) ) -07 -1
.08) .07) 11)
- 21 13 -.09 12
Improper
Driving (1/1,-21 to - (1/1, 13 o (1/1,-.09 to - (1/1, .12 to
21) 13) .09) 12)
07 30 - 22 .10
Inexperience (1/1, .07 to (1/1,.22 to
07) (1/1, 310 .3) 29) (1/1, 110 .1)
Other -.09 -21 - -27 23
Improper (1/1,-09to- | (1/1,-.21to- (1/1,-.27 to - (1/1, .23 to
Driving .09) 21) 27) 23)
.09 13 1 06 13
Helmet (3/4, .11 to (1/4, 11 to (1/4, 06 to (4/4,-14 10 -
(3/4,.09 10 .1) 15) 11) 06) 12)
07 24 nh 24 21
PAMSP Pass (2/4, 06 to (4/4, .18 to (2/4,-11 to - (4/4, 21 to (4/4, 18 to
.08) 29) 11) 28) 24)
Number of ) ) -1l ) -08
Sanctions (2/4,-.11 10 - (2/4, -.09 to -
1) .07)
.22 -.18 -15 -22 -.08
Number of
DUIs (4/4, -.23 to - (4/4, -2 to - (3/4,-17to- | (4/4,-22to- | (1/4,-08to -
2) 14) 13) 2) .08)
Number of -10 ) ) ) ~15
Speeding (]/],-.] to _.]) (]/],;.;)5 to -
Number of -.07 -.05 - -.07 =11
Improper (1/2,-07to- | (1/2,-.05to - (1/2,-07to- | (1/2,-.11to-
Driving .07) .05) .07) 11)
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Note. Blank cells indicate non-significant contributors/model paths.
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Table 18. Contributors to DUI, Series 2 Models 2004-2007

Driver Actions

Driver Choices

Driving Record

Type of Crash
Contributing Single Multiple . . Unknown Bike
Factor Vehicle Vehicle Sport Bike Cruisers Type
DUI ) ) ) ) )
Speeding - _ _ - _
Under/Over - - - - }
Compensation
Improper - - ; - -
Driving
-.32 -.20 -.20 -.32 =11
Inexperience | (1/1,-.32 10 - (1/1,-32 1o - (1/1,-11 1o -
32) (1/1,-2to0-2) | (1/1,-21t0-.2) 32) 11)
Other - - - - -
Improper
Driving
Helmet ) ) ) ) )
-.29 -39 -.29 -.36 -41
PAMSP Pass | (4/4,-32t0- | (4/4,-4t0- | (3/4,-32t0- | (4/4,-39t0- | (4/4,-421t0 -
.27) .38) 27) .35) A1)
umber of (1/4.036 t (2/4 _.0055 t - (1/4 _.0099 t _
Sanctions D610 » =090 10 - , U710 -
06) 05) (3/4, .1 to .17) 09)
Number of (4/4.3;5 t N (3/4.4:1:3 t (4/4‘226 t (4/4.4j8 t
DUIs 0o o oG () oG o oG ()
38) [l S0 S} 45) 27) 48)
Number of - - - - -
Speeding
Number of -.09 - -17 - -
Imprgper (1/2,-.09 to - (1/2,-.17 to -
Driving .09) 17)
15 .20 .15 - 14
Driver Age
(4/4, .15 to (4/4, .16 to (3/4, .15 1o (4/4, 14 to
.16) 21) .16) .14)
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Note. Blank cells indicate non-significant contributors/model paths.
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Table 19. Contributors to Speeding, Series 2 Models 2004-2007

Type of Crash
Contributing Single Multiple . . Unknown Bike
Facior Vehicle Vehicle Sport Bike Cruisers Type
26 .35 .32 A7 16
DUl (1/1, .26 to (1/1, .35 to (1/1, .32 to (1/1, .47 to (1/1, .16 to
.26) .35) .32) A7) 16)
Speeding - - - - -
2
o Under/Over - - - - -
1T Compensation
<
'g Improper - - - - -
a Driving
Inexperience ) ) ) i ]
Other - - - - ;
Improper
Driving
4 Helmet ) _ ] ) ]
SO
20
a < = = - - -
%) PAMSP Pass
Number of - . - - -
Sanctions
T Number of - -.10 - - -
o
;.g DUIs (1/1,-110-.1)
8 Number of .09 07 .08 - 09
2 Speeding (1/1,.09 to (1/1,.07 to (1/1,.08 to (1/1,.09 to
o .09) .07) .08) .09)
Number of - - - - ,
Improper
Driving
oo -.24 -.32 -13 - -.26
b 2y :
-l Driver Age
381 (1/1,-.2410 - (1/1,-3210 - (1/1,-.13 to - (1/1,-.26 to -
| 24) 32) 13) 26)
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Note. Blank cells indicate non-significant contributors/model paths.
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type =.16). Second in importance was driver age — younger drivers were more likely to
be speeding in single (-.24) and multiple (-.32) vehicle crashes, and in sport bike (-.13)
and unknown bike type (-.26) crashes. A driver’s record of speeding convictions also
increased the likelihood of speeding (values ranged from .07 to .09), suggesting that
speeding, like DUI, is a reliable behavior that probably occurs on a regular basis for some
drivers.

Table 20: Contributors to Helmet Use at Time of Crash. Several factors affected the
likelihood of wearing a helmet at the time of the crash. Chief among these was DUI --
DUI drivers were less likely to wear a helmet than non-DUI drivers, especially in sport
bike crashes (-.59). Speeding drivers were consistently more likely to wear a helmet
(values ranged from .14 for unknown bike type crashes to .30 for sport bike crashes).
Inexperienced drivers were somewhat more likely to wear a helmet (values ranged from
.06 for single vehicle crashes to .17 for unknown bike type crashes). Drivers who passed
a PAMSP course were less likely to wear a helmet in multiple vehicle (-.13) and sport
bike (-.21) crashes.

Table 21: Contributors to Driver Inexperience. Drivers who passed a PAMSP course
were less likely than drivers who did not take or pass a PAMSP course to be rated
inexperienced by investigating officers (values ranged from -.10 for cruiser crashes to -
.27 for sport bike crashes).

Table 22: Contributors to Over/Under-compensation on a Curve. Drivers who were
speeding were more likely to over- or under-compensate on a curve (values ranged from
.18 for cruiser crashes to .34 for unknown bike type crashes), except in multiple vehicle
crashes. Older drivers were more likely to over- or under-compensate (values ranged
from .09 for cruiser crashes to .21 for unknown bike type crashes), except for multiple
vehicle crashes.

Table 23: Contributors to Improper Driving at Time of Crash. DUI drivers were more
likely to drive improperly, especially in multiple vehicle crashes (.37). Older drivers
were less likely to drive improperly, especially in multiple vehicle crashes (-.20).

Table 24: Contributors to Other Improper Driving at Time of Crash. Number of
improper driving violations on record slightly increased the likelihood of other improper
driving (single vehicle crashes = .07; multiple vehicle crashes = .12; unknown bike type
crashes =.19). Older drivers were somewhat less likely than younger drivers to engage
in other improper driving (single vehicle crashes = -.10; multiple vehicle crashes = -.13;
unknown bike type crashes =-.11).

Summary of Findings of Series 2 Models

Figures 9 and 10 summarize the findings of the Series 2 models. Figure 9 shows the
variables that affect each factor (driver choices, driver actions, and crash outcomes).

97



Driver Actions

Driver Choices

Driving Record

Table 20. Contributors to Helmet Use, Series 2 Models 2004-2007

Type of Crash
Coniribuiing Singie Muitipie . . Unknown Bike
Factor Vehicle Vehicle Sport Bike Cruisers Type
-.34 -39 -.59 -.30 -.24
DUl (4/4,-39t0- | (4/4,-44t0- | (3/4,-64t0- | (4/4,-3710- | (4/4,-28t0-
.31) .33) .54) 24) 21)
.20 21 .30 A7 14
Speeding 1/1, 211 /1,17t 1/1, 141
a1, 2t02 | WV y5 10| 1. 310.3) (/ ']'7)7 o | I/ e
Under/Over - - - - -
Compensation
-.14 A1 -.18 = =
Improper
Driving (1/1,-14to - (1/1, .11 to (1/1,-18 to -
.14) 11) .18)
.06 .08 - 15 17
Inexperience (1/1, .06 to (1/1, .08 to (1/1, .15 to (1/1, .17 to
.06) .08) .15) 17)
Other - .06 - A1 .08
Imprgper (1/1, .06 to (1/1,.11 to (1/1,.08 to
Driving .06) A1) .08)
Helmet ) ) ) ) )
- -13 -21 - -
PAMSP Pass (4/4,-14to- | (3/4,-.22t0-
A1) 21)
Number of -.05 -.12 - - -12
Sanctions (1/4,-05to- | (4/4,-.13to- (4/4,-13 to -
.05) A1) A1)
humber of _ v (3/4'221 i _ (3/4'] ?1 "
DUIs o 2l 1) gL IS
(2/4, .09 to .1) 26) 13)
Number of i i i _']]331 i i
Speedin , - o -
o .13)
Number of - - , - i,
Improper
Driving
. -1 - - - -
Driver Age
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Note. Blank cells indicate non-significant contributors/model paths.
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Table 21. Contributors to Inexperience, Series 2 Models 2004-2007

Contributing
Factor

Single
Vehicle

Multiple

Type of Crash

Sport Bike

Cruisers

Unknown Bike

Driver Actions

Driver Choices

Driving Record

DUI

Vehicle

Type

Speeding

Under/Over
Compensation

Improper
Driving

Inexperience

Other
Improper
Driving

Helmet

PAMSP Pass

=13

(1/1,-13to -
13)

=15

(1/1,-.151%0 -
15)

-27

(1/1,-.27 to -
27)

~.10
(1/1,-.1to -.1)

-.15

(1/1,-.15%0 -
15)

Number of
Sanctions

-10
(1/1,-1 10 -.1)

-.12

(1/1,-12to -
12)

Number of
DUIs

Number of
Speeding

Number of
Improper
Driving

Driver Age

-.24

(1/1,-.24 1o -
24)

-.07

(1/1,-.07 to -
07)
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Note. Blank cells indicate non-significant contributors/model paths.
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Table 22. Contributors to Over/Under Compensation, Series 2 Models 2004-2007

Driver Actions

Driver Choices

Driving Record

Type of Crash
Contributing Single Multiple . . Unknown Bike
Factor Vehicle Vehicle Sport Bike Cruisers Type
- - - 15 -.43
DUl (1/1, 15 to (1/1, -.43 to -
195) 43)
19 - .33 .18 .34
Speeding (1/1,.19 to (1/1, .33 to (1/1, .18 to (1/1, .34 to
.19) .33) .18) .34)
Under/Over - - - - -
Compensation
Improper - - - - -
Driving
Inexperience ) ) ) ) )
Other - - - - i
Improper
Driving
- - - - .18
Helmet (1/1,.18 1o
18)
- - =11 - -.20
PAMSP Pass i i
W=l e (1/1,-210-2)
A1)
Number of - - - - -
Sanctions
Number of ) i i i 2
DUIs (1/1,.27 to
27)
Number of - - - - -
Speeding
Number of - - - - ;
Improper
Driving
13 - 14 .09 21
Driver Age
(1/1,.13 to (1/1, .14 to (1/1,.09 to (1/1,.21 to
13) .14) .09) 21)
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Note. Blank cells indicate non-significant contributors/model paths.
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Table 23. Contributors to Improper Driving, Series 2 Models 2004-2007

Type of Crash

Contributing
Factor

Single Unknown Bike

Vehicle

Multiple

. Cruisers
Vehicle

Sport Bike

wIilvel

Driver Actions

Driver Choices

Driving Record

DUI

.37

(1/1, .37 to
37)

-21

(1/1,-21to -
21)

10
(1/1,.1 10 .1)

Type
21

(1/1, 21 o
21)

Speeding

Under/Over
Compensation

Improper
Driving

Inexperience

Other
Improper
Driving

Helmet

PAMSP Pass

19

(1/1,.19 to
19)

Number of
Sanctions

Number of
DUIs

Number of
Speeding

Number of
Improper
Driving

1

(1/1, .11 to
11)

Driver Age

-.20

(1/1,-210-.2)

-.08

(1/1,-.08 to -
08)

-.09

(1/1,-.09 to -
09)
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Note. Blank cells indicate non-significant contributors/model paths.
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wIilvel

Table 24. Contributors to Other Improper Driving, Series 2 Models 2004-2007

Driver Actions

Driver Choices

Driving Record

Type of Crash
Contributing Single Multiple . . Unknown Bike
Factor Vehicle Vehicle Sport Bike Cruisers Type
12 .34 - 12 .59
DUl (1/1, .12 to (1/1, 34 to (1/1, .12 to (1/1, .59 to
12) .34) 12) .59)
Speeding - _ _ - _
Under/Over - - - - -
Compensation
Improper - - - - -
Driving
Inexperience ) ) ) ) )
Other - - - - ;
Improper
Driving
Helmet ) ) ) ) )
- - - -.09 .18
PAMSP Pass (1/1,-.09 to - (1/1, 18 to
.09) .18)
Number of - - - - -
Sanctions
Number of -.08 -.14 - - -.32
DUIs (1/1,-.08 to - (1/1,-.14 10 - (1/1,-32 10 -
.08) .14) .32)
Number of - - - - -
Speeding
Number of .07 12 - - 19
Improper (1/1, .07 to (1/1, .12 10 (1/1, .19 to
Driving .07) .12) 19)
-.10 -.13 - - =11
Driver Age / 3t / ’r
1/1,-13 1o - 1/1,-1110 -
/1, -110-1) | o ( o
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Note. Blank cells indicate non-significant contributors/model paths.
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= Bold upward arrows indicate stronger direct effects of one variable on the other.
For example, a greater number of DUI convictions substantially increased the
likelihood that a driver was DUI at the time of the crash.

= Non-bold upward arrows indicate weaker direct effects. For example, females
were somewhat more likely than males to have an MBAC.

* Bold downward arrows indicate stronger inverse effects. For example, drivers
with an MBAC were substantially /ess likely to be DUI at the time of the crash
than drivers without an MBAC.

= Non-bold downward arrows indicate weaker inverse effects. For example, drivers
with an MBAC were somewhat /ess likely to be killed in a crash than drivers
without an MBAC.

Bold arrows correspond to average path coefficients associated with a factor of .15 or
greater, non-bold arrows correspond to average path coefficients associated with a factor
of less than .15. Figure 10 summarizes the same findings as Figure 9, but organizes them
according to the variables that each factor affects.

Contributing Factors to Crashes: Proportions DUI, Speeding, and MBAC

The findings of Series 1 and 2 Models show that DUI and speeding played important
roles in crash outcomes. In addition to relative strength and direction of influences, as
summarized in Tables 6 — 24 and Figures 7 — 10, it is important to examine numbers and
proportions of drivers who suffered consequences of these choices and actions. Tables
25 and 26 summarize this information.

Table 25 shows numbers of fatal and non-fatal crashes for all crashes from 1997 — 2007,
and for breakdowns by single vs. multiple vehicle crashes and by sport bike, cruiser, and
unknown bike type crashes (column 2). (Fatalities are for motorcycle drivers only; note
that the all crash category includes sport bike, cruiser, and unknown bike types, as well
as dual-sport, off-road, scooter/moped, and mini-bike crashes — the latter categories are
not shown as separate columns in Table 25 due to small numbers of crashes per
category.) Associated percentages relative to totals are shown in column 3 (total crashes
by category are given in the table note). Thus, reading down column 2, fatal crashes
range from 4% to 6% of crashes across categories, and, conversely, non-fatal crashes
range from 94% to 96%.

Column 4 of Table 25 reports the numbers of drivers in fatal and non-fatal crashes who
were DUI at the time of the crash, and column 5 shows the associated percentages,
calculated as the number DUI divided by the number of crashes shown in the same row.
Thus, of 1,263 fatal crashes (shown in the first row of data), 405 of these drivers were
DUI at the time of the crash, or 32%. This compares to only 4% of drivers involved in all
non-fatal crashes who were DUI. Although the number of DUI drivers involved in all
non-fatal crashes (980) is more than twice as large as the number of DUI drivers in all
fatal crashes (405), the percent of DUI drivers in non-fatal crashes is much lower than the
percent of DUI drivers in fatal crashes because of the much larger number of non-fatal
(23,848) vs. fatal (1,263) crashes. This dramatic difference in the proportions of drivers
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Figure 9. Findings of Series 2 Models: Effects on Driver Choices, Driver Actions, and Crash Outcomes
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Figure 10. Findings of Series 2 Models: Effects of Driver Demographics, Records, Choices, and Actions
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Table 25. Contributing Factors to Fatal and Non-Fatal Crashes by Major Crash Categories, 1997-2007

DUI Speeding
at time of Crash at time of Crash
Percent of
Fatal Crashes Number Total Number Percent of Fatal Number Percent of Fatal Number Percent of Fatal
All Crashes 1,263 5% 405 32% 536 42% 1,036 82%
Single Vehicle 536 5% 235 44% 284 53% 444 83%
Multiple Vehicle 727 5% 170 23% 252 35% 592 81%
Sport Bike 289 6% 49 17% 168 58% 226 78%
Cruiser 604 5% 267 449% 203 34% 540 89%
Unknown Bike Type 335 _ 4% 74 _ 22% 159 _ 47% 253 _ 76%
Percent of Percent of Percent of Percent of
Non-Fatal Crashes NHher Total Narber Non-Fatal Niher Non-Fatal badigl Non-Fatal
All Crashes 23,848 95% 980 4% 4,290 18% 21,400 90%
Single Vehicle 11,342 95% 760 7% 3,003 26% 10,123 89%
Multiple Vehicle 12,506 95% 220 2% 1,287 10% 11,277 90%
Sport Bike 4,365 94% 88 2% 1,053 24% 3,870 89%
Cruiser 11,450 95% 650 6% 1,641 14% 10,806 94%
Unknown Bike Type 7,263 96% 219 3% 1,492 21% 6,164 85%

Note. Total Number of Crashes: All - 25,111; Single Vehicle - 11,878; Multiple Vehicle - 13,233; Sport Bike - 4,654; Cruiser - 12,054;
Unknown Bike Type - 7,598. Percent of Total = Number of Crashes / Total Number of Crashes (e.g. 1,263 /25,111 = 5%) .
Percent of Fatal/Non-Fatal = Number of DUI or Speeding or MBAC / Number of Crashes (e.g. 405/ 1,263 = 32%).
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Table 26. Contributing Factors to Crashes, Fatalities and Helmet Use, by Major Crash Categories, 1997-2007

Crachos DUl Speeding MBAC
at time of Crash at time of Crash Ever
Eatal. Halret Number Pe.rlf:;: of Riimber Pemﬁ; :;I:atal, Niinber Percﬂ; r:'f‘:atal, Nimber Perct:;;tl rt:lf‘:atal,
All Crashes 801 4% 236 29% 348 43% 686 86%
Single Vehicle 331 3% 134 40% 184 56% 282 85%
Multiple Vehicle 470 4% 102 22% 164 35% 404 86%
Sport Bike 198 5% 32 16% 120 61% 170 86%
Cruiser 368 3% 149 40% 118 32% 324 88%
Unknown Bike Type 213 _ 3% 44 _ 21%_ 105 _ 49%_ 179 _ 84%
Number Percent of Nimbar Percent of Fatal, Muanber Percent of Fatal, Numbar Percent of Fatal,
Fatal, No Helmet Total No Helmet No Helmet No Helmet
All Crashes 377 2% 141 37% 162 43% 287 76%
Single Vehicle 169 2% 82 49% 87 51% 132 78%
Multiple Vehicle 208 2% 59 28% 75 36% 155 75%
Sport Bike 65 2% 14 22% 37 57% 44 68%
Cruiser 201 2% 97 48% 76 38% 182 91%
Unknown Bike Type 99 __1% 26 __26% 48 __48% 58 __59%
Percent of Percent of Percent of Percent of
Non-Fatal, Helmet e Total Number |y onFatal, Helmet] N |Non-Fatal, Helmet] N“™°" | Non-Fatal, Helmet
All Crashes 15,728 69% 517 3% 2,923 19% 14,622 93%
Single Vehicle 7,733 71% 406 5% 2,074 27% 7,128 92%
Multiple Vehicle 7,995 67% 111 1% 849 11% 7,494 94%
Sport Bike 3,061 75% 65 2% 797 26% 2,809 92%
Cruiser 7,369 67% 332 5% 1,011 14% 7,035 95%
Unknown Bike Type 4. 843 69% 112 _ 2% 1,057 _ 22% 4 392 _ 91%
Holcant ot Percent of Percent of Percent of
Number Number Non-Fatal, Number Non-Fatal, Number Non-Fatal,
Non-Fatal, No Helmet oL No Helmet No Helmet No Helmet
All Crashes 5,917 26% 384 6% 1,102 19% 4 897 83%
Single Vehicle 2,679 25% 299 11% 749 28% 2,190 82%
Multiple Vehicle 3,238 27% 85 3% 353 11% 2,707 84%
Sport Bike 784 19% 20 3% 180 23% 634 81%
Cruiser 3,020 28% 259 9% 519 17% 2,788 92%
Unknown Bike Type 1,864 27% 91 5% 359 19% 1,348 72%

Note. Total Number of Crashes: All - 22,823; Single Vehicle - 10,912; Multiple Vehicle - 11,911; Sport Bike - 4,108; Cruiser - 10,958;
Unknown Bike Type - 7,019. Percent of Total = Number of Crashes / Total Number of Crashes (e.g. 801 f 22,823 = 4%) .
Percent of Fatal/Non-Fatal = Number of DUl or Speeding or MBAC / Number of Crashes (e.g. 236/ 801 = 29%).



who were DUI in fatal vs. non-fatal crashes (32% vs. 4%) explains why the Series 1 and
2 Models showed such large effects of DUI on crash outcomes.

Column 5 of Table 25 also reveals that the proportions of DUI drivers in fatal crashes
varied considerably across crash categories. Drivers in single vehicle fatal crashes were
almost twice as likely to be DUI as drivers in multiple vehicle fatal crashes (44% vs.
23%). Drivers in fatal cruiser crashes were twice as likely to be DUI as drivers in
unknown bike type fatal crashes (44% vs. 22%), and more than twice as likely to be DUI
as sport bike drivers in fatal crashes (44% vs. 17%). Thus, DUI played an important role
in fatalities for all types of motorcycle crashes, but the magnitude of influence varied
considerably by crash category. The associated numbers of fatalities suggest potential
payoffs of efforts to reduce the incidence of DUI among motorcyclists. The biggest
potential payoff of a reduction in drunk-riding would occur among cruiser drivers,
because they have the greatest incidence of DUI both in terms of proportions and
numbers. A 50% reduction in incidence of DUI among cruiser drivers, holding other
factors constant, would be expected to yield a reduction of 133 fatalities over the 11 years
of crash records, or about 12 fewer deaths per year.

Column 6 of Table 25 reports the numbers of drivers in fatal and non-fatal crashes who
were speeding at the time of the crash, and column 7 shows the associated percentages.
Of 1,263 fatal crashes (shown in the first row of data), 536 of these drivers were speeding
at the time of the crash, or 42%. This compares to 18% of drivers involved in all non-
fatal crashes who were speeding. Although the number of speeding drivers involved in
all non-fatal crashes (4,290) is eight times larger than the number of speeding drivers in
all fatal crashes (536), the percent of speeding drivers in non-fatal crashes is much lower
than the percent of speeding drivers in fatal crashes because of the much larger number of
non-fatal (23,848) vs. fatal (1,263) crashes. This difference in the proportions of drivers
who were speeding in fatal vs. non-fatal crashes (42% vs. 18%) explains why the Series 1
and 2 Models showed large effects of speeding on crash outcomes.

Column 7 of Table 25 also reveals that the proportions of speeding drivers in fatal
crashes varied considerably across crash categories. Drivers in single vehicle fatal
crashes were much more likely to be speeding than drivers in multiple vehicle fatal
crashes (53% vs. 35%). Drivers in fatal sport bike crashes were much more likely to be
speeding than drivers in fatal cruiser crashes (58% vs. 34%), and more likely to be
speeding than unknown bike type drivers in fatal crashes (58% vs. 47%). Thus, speeding
played an important role in fatalities for all types of motorcycle crashes, but the
magnitude of influence varied considerably by crash category. A 50% reduction in
incidence of speeding among all motorcycle drivers, holding other factors constant,
would be expected to yield a reduction of 268 fatalities over the 11 years of crash
records, or about 24 fewer deaths per year.

Column 8 of Table 25 reports the numbers of drivers in fatal and non-fatal crashes whose
records showed an MBAC at some point in their driving careers, and column 9 shows the
associated percentages. As can be seen in Figure 5, drivers with an MBAC were more
likely to wear a helmet, less likely to be DUI, and less likely to be severely injured or
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killed in a crash. Conversely, drivers without an MBAC were less likely to wear a
helmet, more likely to be DUI, and more likely to be severely injured or killed. Of 1,263
drivers in fatal crashes, 1,036 had an MBAC, or 82%. This compares to 90% of drivers
involved in all non-fatal crashes who had an MBAC. Sport bike and unknown bike type
drivers in fatal crashes were the least likely to have an MBAC (78% and 76%,
respectively). Although it is beyond the scope of this study to determine why some
motorcycle drivers failed to get an MBAC, it seems likely that if they could be persuaded
to do so (which would require demonstration of the requisite knowledge and skills), then
they would drive more safely and fewer of them would crash.

Table 26 addresses the roles of DUI, speeding, and MBAC in fatal and non-fatal crashes,
along with the additional factor of helmet use. (Note that the total numbers of fatal and
non-fatal crashes listed in Table 26 are somewhat lower than the corresponding values in
Table 25 due to missing data — to be included in Table 26, cases must have complete data
on crash outcome, DUI, speeding, MBAC, and helmet use.) The relevant comparisons in
Table 26 to determine the joint effects of helmet use and DUI are shown in column 5,
comparing percentages of fatal crashes with helmets to fatal crashes without helmets, and
comparing percentages of non-fatal crashes with helmets to non-fatal crashes without
helmets. A greater proportion of all fatal crashers without helmets were DUI (37%) than
fatal crashers with helmets (29%). A greater proportion of all non-fatal crashers without
helmets were DUI (6%) than non-fatal crashers with helmets (3%). The same patterns
hold for other column 5 comparisons. Thus, as previously shown in the models tested,
being DUI contributed to the choice not to wear a helmet while riding.

The relationships between speeding and helmet use are somewhat complex, according to
the percentages shown in column 7. Among all fatal crashers, helmet use was unrelated
to the likelihood of speeding (43% of both helmeted and non-helmeted fatal crashers
were speeding). Likewise, among all non-fatal crashers helmet use was unrelated to
speeding (19% of both helmeted and non-helmeted non-fatal crashers were speeding).
There is some evidence that wearing a helmet was associated with a greater likelihood of
speeding among sport bike crashers. In fatal crashes, a greater proportion of sport bike
drivers wearing a helmet were speeding (61%) than sport bike drivers without a helmet
(57% speeding). The same pattern holds for sport bike drivers in non-fatal crashes (with
helmet, 26% speeding; without helmet, 23% speeding). The opposite patterns hold true
for cruisers — wearing a helmet was associated with less likelihood of speeding, not
wearing a helmet was associated with greater likelihood of speeding. It appears that sport
bike drivers may regard the protection afforded by a helmet as providing a margin of
safety that allows them to driver faster.

The relationships between having an MBAC on record and helmet use are
straightforward, and consistent with findings of the models described above. The
percentages of drivers with an MBAC were greater if the driver was wearing a helmet
than if driver was not wearing a helmet. The only exception was among cruiser drivers in
fatal crashes, where drivers without helmets were somewhat more likely to have an
MBAC.
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Contributing Factors to Crashes: Odds Ratios

Proportions of crashers who were DUI, speeding, or had an MBAC (see preceding
section) provide insight into the magnitude of the problem — i.e., how many fewer
fatalities might result from improvements in these factors. Another way to represent the
complex relationships among factors implicated in motorcycle crashes is to express them
in terms of odds ratios. An odds ratio can be interpreted at the level of an individual
driver. What are the odds that a DUI driver in a crash will be killed? What are the odds
that a speeding driver in a crash will be killed? What are the odds that a driver in a crash
who is both DUI and speeding will be killed? Table 27 displays odds that answer these
and similar questions.

Column 2 of Table 27 shows the odds for all crashes. For each row, comparisons are for
the worst to best case scenarios. Thus, reading down column 2, for all crashes the odds
of a fatality were: (a) 11 times greater if the driver was DUI at the time of the crash than
if the driver was not DUI, (b) 3 times greater if the driver was speeding than not
speeding, (c) 1.25 times greater if the driver was not wearing a helmet than wearing a
helmet, (d) 2 times greater if the driver had no MBAC ever than if the driver had an
MBAC, (e) 22 times greater if the driver was both DUI and speeding than if the driver
was neither DUI nor speeding, (f) 15 times greater if the driver was DUI without an
MBAC than if the driver was not DUI and had an MBAC, (g) 6 times greater if the driver
was speeding without an MBAC than if the driver was not speeding and had an MBAC,
and (h) 33 times greater if the driver was DUI and speeding without an MBAC than if the
driver was not DUI, not speeding, and had an MBAC. The pattern of results indicates
that each factor (DUI, speeding, and no MBAC) increases the odds of a fatality in a
crash; these factors in combination greatly increase the odds of fatality.

Columns 3, 4, and 5 present corresponding odds for sport bike, cruiser, and unknown
bike type crashes. The odds of a fatality if the driver was DUI varied somewhat
according to motorcycle type, from a high of 13 to 1 for cruisers to a low of 9 to 1 for
unknown bikes. The most striking variability of fatality odds across motorcycle types
occurred for crashes in which the driver was DUI and speeding without an MBAC. A
sport bike driver who crashed with these characteristics was 60 times more likely to die
than a sport bike driver who exhibited none of them. This compares to cruiser and
unknown bike type drivers, who were 29 times more likely to die in a crash if they
exhibited these characteristics than if they did not.

The models described earlier reveal that choices made proximal to a crash are influenced
by concurrent and antecedent choices and behaviors. These influences can also be
expressed as odds ratios. Some of these are shown in Table 27. The odds of being DUI
at the time of the crash were 8 times greater for drivers with 1 or more DUI violations on
record. These odds varied from a high of 13 to 1 for unknown bike type drivers, to a low
of 6 to 1 for cruiser drivers. Drivers with a history of drinking and driving should be
especially careful to avoid this when riding a motorcycle. Males were 4 times more
likely to be DUI in a crash than females, considering all crashes. The odds of DUI were
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Table 27. Odds Ratios by Major Crash Categories

Odds of Fatality if:

All

Crashes

Sport Bike
Crashes

Cruiser
Crashes

Unknown
Bike Type
Crashes

DUI 11 :1 10:: 1 131 9:1
Speeding 3:1 4::1 3:1 3:1
No Helmet 1.25::1 1.25::1 1.25:1 1.25::1
No MBAC 2.1 21 2::1 2.1
DUI & Speeding 22 ::1 23 ::1 23 ::1 19 :: 1
DUI & No MBAC 15::1 18 :: 1 17 21 12 ::1
Speeding & No MBAC 6::1 8:1 6:1 5:1
DUI, Speeding, & No MBAC 33:1 60 :: 1 29 ::1 29 :: 1
Odds of DUI if:
1 or More DUI Violations 8:1 10:: 1 6:1 13::1
Gender (Male) 4::1 2::1 5:1 3:1
Odds of Speeding if:
DUI 3:1 3:1 3:1 3:1
2 or More Speeding Violations 1.5:1 1.5:1 1.5:1 1.5:1
Driver Age (< 30) 2:1 1.5:1 1.5:1 2:1
Odds of No Helmet if:
DUI 2::1 1.5:1 1.75::1 2::1
No MBAC Ever 3:1 3:1 1.75 1 4::1
Driver Age (30+) 1.25:: 1 1.5:1 1.25: 1 1:1
Odds of No MBAC Ever if:
Gender (Male) 1.25:: 1 3:1 1.25::1 1.5:1
Driver Age (Younger) 3:1 1.25::1 3:1 2:1
Odds of DUI if (post-PAMSP Sample):
1 or More DUI Violations 11::1 18 ::1 5:1 28 1
No PAMSP Pass 4::1 5:1 5:1 9:1
PAMSP Pass & 1 or More DUI 1.25::1 NS 21 NS
No PAMSP Pass & 1 or More 27 1 38 - 1 151 | 831

DUI

Note. Odds compare worst to best case scenarios: DUI to not DUI, speeding to not
speeding, etc. Thus, the likelihood of death for a DUI driver in a crash is 11 times greater
than the likelihood of death for a non-DUI driver in a crash. For combinations, the
comparison is to the opposite for each variable in the combination; for example, crashes
in which the driver is DUI and speeding without an MBAC are compared to crashes in
which the driver is not DUI, not speeding, with an MBAC. Odds shown between 1 and 2
are rounded to the nearest .25 percent; odds of 2::1 or greater are rounded to the nearest
whole number. NS indicates that odds could not be calculated due to an insufficient
number of “PAMSP Pass & 1 or More DUI” cases that were DUI at time of crash.
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greatest for males in cruiser crashes (5 times greater than females), and lowest for sport
bike crashes (2 times greater than females). The odds of speeding at the time of the crash
were 3 times greater if the driver was also DUI at the time of the crash, and 1.5 times
greater if the driver had 2 or more speeding violations on record. These odds did not vary
by type of motorcycle. The odds of speeding were somewhat greater for younger drivers
(under age 30). Younger drivers were twice as likely to speed as older drivers in all
crashes, with these odds varying only slightly by type of motorcycle.

The odds of not wearing a helmet were 2 times greater if the driver was DUI. These odds
also varied only slightly by type of motorcycle. The odds of not wearing a helmet were 3
times greater for drivers who had no record of an MBAC; these odds varied somewhat by
type of motorcycle. Older drivers were slightly less likely to wear a helmet (1.25::1),
with only slight variability across types of motorcycles.

The odds of no MBAC were slightly greater for males (1.25::1), especially for males
driving sport bikes (3::1), and for younger drivers (3::1). Younger male drivers in
crashes were the least likely to have an MBAC.

The last set of odds ratios shown in Table 27 were calculated for drivers with an initial
MBAC date of April 2004 or later, corresponding to the period for which we were
provided PAMSP records. Models tested for this sample (see, for example, Figures 57
and 58, Appendix G) showed significant positive paths from Number of DUIs on record
to DUI at crash, indicating that past DUI violations increase the likelihood of DUI at time
of crash. These models also revealed significant negative paths from PAMSP Pass to
DUI at crash, indicating that passing a PAMSP course decreases the likelihood of DUIT at
time of crash. These countervailing forces were examined further through odds ratios.

For the post-PAMSP sample, the odds of DUI at crash were 11 times greater if a driver
had one or more DUI violations on record. The odds of DUI at crash were 4 times
greater for drivers who did not take or pass a PAMSP course than for drivers who passed
a course. For drivers who passed a PAMSP course and had one or more DUI violations
on record, the odds of DUI at crash were only slightly greater than chance (1.25::1,
compared to drivers who did not take or pass a PAMSP course and who had no DUI
violations on record). For drivers who did not take or pass a PAMSP course and had one
or more DUI violations on record, the odds of DUI at crash were 27 times greater than for
drivers who passed a PAMSP course and had no DUI violations on record. Thus, passing
a PAMSP course appears to effectively counteract the tendency to drink and ride. The
magnitude of this effect varies across motorcycle types, being most prominent among
unknown bike type drivers.

Odds ratios express the relationships among crash factors and outcomes in a way that
personalizes a driver’s choices and their consequences. A motorcycle driver can
substantially reduce his or her chances of severe injury and death in a crash by choices
made before and during the ride. Information about odds can be used to educate drivers
and help them to make better and smarter riding choices.
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A Word about Proportions and Odds Ratios

Calculating proportions and odds ratios such as those shown in Tables 25, 26, and 27
require dichotomous variables (i.e., having yes-no or 0-1 values). Proportions and odds
ratios are alternative ways to express the findings of the Series 1 and 2 models pertaining
to motorcycle driver fatalities. Because the overall proportion of fatalities in crashes is
approximately 5%, the numbers of fatalities for many of the breakdowns shown in these
tables are necessarily small relative to the numbers of crashes for those breakdowns. The
proportions, odds, and indeed the findings of the models explaining crash fatalities are
based on the total numbers of crashes for each breakdown category, not just the numbers
of fatalities. It must also be noted that for each of the Series 1 and 2 models explaining
fatalities, a parallel model explaining injury severity was also tested. Findings of the
injury severity models cannot be expressed as proportions or odds because injury severity
is a continuous variable; however, findings of the injury severity models are very similar
to the findings of the fatality models and are based on the same large samples. In our
opinion, the findings and conclusions of these various approaches to the analyses are
robust due to the large samples upon which they are based.

Effects of BRC and ERC Training

To further assess the effects of training, two sets of comparisons were made of crashes:
(1) crashes by drivers who had passed the BRC vs. crashes by drivers who did not pass
the BRC but had an MBAC, and (2) crashes by drivers who passed the BRC (but who did
not take or pass the ERC) vs. crashes by drivers who passed the ERC. Comparisons were
made on previous driving records, crash and driver characteristics, driver actions
contributing to the crash, and outcomes of the crash. Results of t-tests comparing these
groups are shown in Table 28. Non-significant differences between groups are
designated in the “Sig.” columns by NS.

Drivers with BRC Pass vs. Drivers Who Did Not Take or Pass the BRC

For this set of comparisons, we used data from (a) crashers who passed the BRC and (b)
crashers who had an MBAC code after 2004 (the start of the PAMSP records) and who
did not pass the BRC.

Driving Records

At the time of crash, the driving records of BRC passers were significantly different from
those who had not taken (or, in a few cases, taken but not passed) the BRC. As shown in
Table 28, BRC passers had fewer suspensions, fewer speeding violations, fewer previous
accidents, fewer total violations, fewer sanctions, and so on, than crashers who did not
pass the BRC. All in all, crashers who passed the BRC had much cleaner driving records
than crashers who did not take or pass the BRC.

Crash/Driver Characteristics

Passing the BRC was not related to an increased probability of a crash being single- or
multi-vehicle, or to number of units or people involved in the crash. Individuals not
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passing the BRC and crashing were more likely to: not wear a helmet, be DUI, be
younger and male, crash at night, crash in a rural area, crash off (vs. on) the roadway, hit
a fixed object, have a mid-block crash (not at an intersection or off/on ramp), and crash
with no adverse environmental conditions present.

Driver Actions

Drivers who passed the BRC were much less likely to be speeding, deemed
inexperienced, at fault (i.e., coded as unit one), or driving improperly than their non-BRC
pass counterparts. BRC passers and non-passers were equally likely to over- or under-
compensate at a curve.

Crash Outcomes

Driver without a BRC pass had a lower level of average crash injury severity, but the
number of fatalities, odds of a fatality to anyone involved in the crash, and number of
persons injured were not different for BRC vs. no BRC crashers.

In summary, it is clear that the two groups of crashers (BRC vs. no BRC) have
significantly different driving histories. BRC passers are safer drivers generally,
according to driving records. This “safety consciousness” is likely to lead them to take
the BRC in the first place, and at the same time lead them to wear a helmet, drive more
cautiously, etc. This a priori difference suggests caution when drawing inferences about
the benefits of training because we do not definitively know if observed effects are due to
training or to pre-existing differences between trained vs. untrained groups. Our sense of
this, based on the data and upon training observations, is that both are probably true:
training is effective for those who take it, and those who don’t are probably less safety
conscious and less likely to seek opportunities to learn about motorcycle safety.
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Table 28. Comparisons of Drivers Who Passed BRC to Drivers Who Did Not Pass BRC

BRC vs No BRC BRC vs ERC

Driving Records of Motorcycle Crashers:

BRC Passers vs. No BRC Pass (filtered for Driving Records of Motorcycle Crashers:

BRC Passers vs ERC Passers

post MSP date)

BRC Pass N Mean t-test  Sig. ERC N Wean t-test Sig.
. Mo BRC 2480 2b3 Tog 0000 BRC 2021 Too IREF RES
MNumber of Suspensions Pass BRC 1009 140 ERC 308 144
, Mo BRC 2480 2.86 280 0.000 BRC 2020 1.75 0.35 NS
WHREHCRE R oS Pass BRC 1093  1.58 ERC 308 1.64
- S Mo BRC 2480 288 §.15 0.000 BRC 2020 2.1 037 NS
Number of Driving Violations Paes BRC 1099 178 ERC S 203
: T Mo BRC 2480 0.4z 878 0.000 BRC 2020 0.2z 0.63 NS
Mumber of License Restrictions Pacs BRC 1099 016 ERC 208 018
: : Mo BRC 2480 0.3z 1.91 NS BRC 2020 0.30 -0.48 NS
MNumber of Failures to Stop/vield Pass BEC 1099 097 ERGC 908 0.9
T v mm—— Mo BRC 2480 1.13 3.84  0.000 BRC 2020 1.07 -0.24 NS
HEREINd Pass BRC 1083 0.0 ERC 308 1.10
3 e Mo BRC 2480 0.44 815 0.000 BRC 2020 0.33 1.21 NS
Number of lmproper Driving Vialations Pacs BRC 1099 098 ERC 908 097
sl Mo BRC 2480 027 343 0.00 BRC 2020 n.19 0.67 NS
Pass BRC 10499 017 ERC 308 0.16
: : Mo BRC 2480 0.30 870 0.000 BRC 2020 0.16 i a8 NS
Previous 15 Day Suspension Count Pass BRC 1099 011 ERC 208 010
Pravious DU| Caunt Mo BRC 2480 0.04 155 NS BRC 2020 0.04 047 NS
Pass BRC 1099 0.0z ERC 308 0.04
. e Mo BRC 2480 0.69 B45 0.000 BRC 2020 0.39 280 0012
Previous Harmful Conviction Count Pacs BRC 1099 034 ERC 208 099
. N Mo BRC 2480 0.60 .38 0.000 BRC 2020 0.57 -348  0.001
RICHICHEANRIaTR T nON, Pass BRC 1093  0.29 ERC 308  0.89
SIS . - Mo BRC 2480 0.28 535 0.000 BRC 2020 0.29 477 0.000
Festie Pass BRC 1093  0.14 ERC 308 0.54
p : Mo BRC 2480 0.59 402 0.000 BRC 2020 0.43 -0.55 N5
Previous Suspension Count Pass BRC 1083  0.20 ERC 308 082
T T Mo BRC 1717 2.04 3.50 0.000 BRC 1407 1.19 0.03 NS
£ Pass BRC 756 1.19 ERC 218 1.18
e o Mo BRC 1717 n.1g J.BE  0.000 BRC 1407 013 -1.44 NS
BpEE EORRIE Y dions Pass BRC 756  0.10 ERC 218 0.18
. - Mo BRC 1717 0n.21 371 0.000 BRC 1407 013 1.67 N5
Number of Man-Highway Safety Violations Pacs BREC 758 011 ERC 918 0.08
: Mo BRC 1717 1.78 247 0013 BRC 1407 1.82 -212  0.034
BumRERORAEEUENtS Pass BRC 756 187 ERC 218 199
: Mo BRC 15 17 0.34 465 0.000 BRC 1407 0.28 -0.0z NS
Sl e B PassBRC 756  0.23 ERC 208
) Mo BRC 1717 0.26 447 0.000 BRC 1407 n.18s 0.83 NS
Number of Hearings Pass BRC 756 0.13 ERC 218 0.14
e . Mo BRC 1717 11.00 .38 0.000 BRC 1407 7.54 0.4z W
Total Violations and Sanctions Pass BRC 758 B 60 ERGC 918 213
] MR SRR Mo BRC 1717 6.25 626 0.000 BRC 1407 454 0.36 NS
Pass BRC 756 404 ERC 218 436
Total Mumber of Motorcycle Crashes Mo BRC 2480 1.10 -0.81 NS BRC 2020 1.12 -3.24  0.001
{including current) Pass BRC 10498 1.11 ERC 308 1.20
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Table 28. Comparisons of Drivers Who Passed BRC to Drivers Who Did Not Pass BRC (cont’d)

BRC vs No BRC BRC vs ERC
CrashiDriver Characteristics: BRC Passers Crashi/Driver Characteristics: BRC Passers
vs. No BRC Pass vs. No BRC Pass
BRC Pass N Mean t-test Sig. ERC N Mean t-test Sig._
Single or Multiple ¥ ehicle Crash (1 = single, Mo BRC 2480 1.44 -1.42 NS BERC 2020 123 -0.92 NS
2 = multiple) Pass BRC 10849 i 52 ERC 308 1.56
Ay Adverse Environmental Condition (0 = Mo BRC 2444 0.14 -1.88 0048 BRC 19849 018 -0.43 NS
na, 1 =ves) Pass BRC 1084 07 ERC 308 017
Urban or Rural (1 = rural, 2 = urban) Mo BRC 2435 1.66 -1.89 0.047 BRC 1922 1.68 1.85 0.047
: Pass BRC 10492 1.69 ERC 286 1.63
. Mo BRC 2480 1.26 -3.05 0.002 BRC 2020 1.33 -1.22 NS
Wit Nurrber Pass BRC 1099  1.31 ERC 308 1.37
. . Mo BRC 2480 1.54 -0.80 NS BRC 2020 1.5 -1 2( i
Total Units Invalved in Crash Pass BRC 1099 158 ERC 308 183
: Mo BRC 2480 1.74 -0.56 NS BRC 2020 1.88 -0B5 NS
Mumber of People Involved in Crash Pass BRC 1099 181 ERC 208 193
: = = Mo BRC 1408 1.81 -286  0.011 BRC 1007 1.84 -0.36 S
Driver Helmet (1= no, 2 =yes) Pass BRC 666  1.86 ERC 115 185
i Mo BRC 2476 30.08 -9.87  0.000 BRC 2018 34 67 -10.66  0.000
g Pass BRC 1089 3443 ERC 308 42 64
_ _ Mo BRC 2480 0.04 465 0.000 BRC 2020 0.0z 0.09 M
DUl {coded for all crashers, 0= no, 1 = yes) Pass BRC 1099 001 ERC 308 0.0
Alcohol Test Result (for those tested, Mo BRC 203 7.849 330 0.0 BRC 111 8.65 0.08 NS
walue™100) Pass BRC 55 342 ERC 15 647
: - - Mo BRC 2478 1.85 803 0.000 BRC 2018 1.80 -1.40 NS
DivER Qe e sl ) PassBRC 1098 1.8 ERC 308  1.02
Engine Size (in cubic centimeters) Mo BRC 1563 77999 410 0.000 BRC 1258 87744 -7.15  0.000
g Pass BRC 719 84385 ERC 208 107428
_ _ Mo BREC 23649 1.07 SR NS BRC 1873 1.08 -1 42 NS
FesEngE I S 2 S PassBRC 1080  1.08 ERC 279 1.11
Mo BRC 2225 200022 -4.29 0.000 BRC 1862 199590 2,32 0.020
MIOLRCYCICEMOIEL e Pass BRC 1018 200132 ERC 286  1998.96
Intersection Type (recoded, 0 = midblock, 1 Mo BRC 2480 0.35 -3.37  0.001 BRC 2020 0.39 -0.41 NS
= else) Pass BRC 10949 0.41 ERC 308 0.41
™ e _ : _ Mo BRC 2480 0.2a .18 0.0m BRC 2020 0.24 0.50 NS
[lumination (recoded, 0 = daylight, 1 = else) Pazs BRE 1099 093 ERC 08 099
Crash Relative to Roadway (recoded, 0=on Mo BRC 2476 0.30 a05 0002 BRC 2012 024 084 NS
roadway, 1 = else) Pass BRC 1095 0.25 ERC a0s 022
Colligion (recoded, 0 = noncolligion, 1= Mo BRC 2480 0.7o 04s NS BRC 2020 .71 -0.70 NS
callision) Pass BRC 10949 0.v0 ERC 308 0.73
Rear-end Caollision (recoded, 0 = else, 1 = Mo BREC 2480 0.11 -1.16 NS BRC 2020 013 -0.20 NS
rear-end) Pass BRC 1099 012 ERC 308 013
Angle Collision (recoded, 0 = else, 1 = angle Mo BRC 2480 0.1 -0.31 NS BRC 2020 0.23 -1.35 NS
callision) Pass BRC 10849 0.2z ERC 308 0.27
Hit Fixed Ohject Collision (recoded, 0 =else,] Mo BRC 2480 0.2z 225 0024 BRC 2020 0.18e D71 NS
1 = hit fixed object) Pass BRC 1089 0149 ERC a0s 07
15t Roadway-environment (recoded, 0 = Mo BRC 24249 0.13 201 0048 BRC 159491 015 -0.38 NS
Hothing. 1 = elzse] Hass HEC 104 [ EHC ] s} .16
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Table 28. Comparisons of Drivers Who Passed BRC to Drivers Who Did Not Pass BRC (cont’d)

BRC vs No BRC

Driver Actions

BRC vs ERC

Driver Actions

BRC Pass N MHean t-test  Sig. ERC N Mean t-test Sig.
MOTOICyClE DNWEr MOre at Fadl (Unt 1,0 = | Mo BRC . 2480 0.75  2.77 OU0B| BRC 2020  0.69 116 NS |

no, 1 =yes) FPass BRC 1089 071 ERC a0g 0.6G

; : : _ _ Mo BRC 2480 0.26 501 0.000 BRC 2020 o1a 0.23 NS
e Pass BRC 1088  0.19 ERC 308  0.19

Oriver Action Under or Owvercompensation at Mo BRC 2480 011 0.3s NS BRC 2020 0.10 1.90 NS
Curve (0 =no, 1 =yes) Pass ERC 1093 0.1 ERC 208 0.08

T Mo BRC 2480 0.20 446 0.000 BRC 2020 011 a.37 0.001
' FPass BRC 1098 0.14 ERC a0a 0.0&

Driver Action Affected by Physical Condition Mo BRC 2480 0.04 248 0013 BRC 2020 0.0a -0.57 MNS
(0=no, 1 =vyes) FPass BRC 1095 0.02 ERT aog 0.04

Driver Action Improper Driving (0 =no, 1 = Mo BRC 2480 020 -0.04 NS BRC 2020 021 018 NS
vES) Fass BRC 1088 0.20 ERC a0a 021

Driver Action Cther Improper Driving (0 = Mo BRC 2480 0.1 288 0.004 BRC 2020 0.0a -0.68 NS
no, 1 =ves) Pass BERC 1099 0.08 ERC 208 004

BRC vs No BRC BRC vs ERC

Outcomes Outcomes
BRC Pass N Mean t-test  Sig. ERC N Mean t-test Sig.
. Mo BRC 2480 005 T20 NS BRC 2020 003 718 NS
4 Killed (0= na, 1 =
BYEnESIE G SOl v ) Pass BRC 1088 0.04 ERC 308 0.02
T —— NoBRC 2180 005 080 NS BRC 1718 0.032 1.37 NS
=, Y PassBRC 898  0.04 ERC 263  0.02
Mgtgrwde Dri\.-'ermjury Severity (recgdedl 1 Mo BRC 2160 327 -3.83 0.000 BRC 1718 3.42 -2.34 o7
= not injured, 2 = minor injury, 3 = moderate
injury, 4 = majarinjury, & = killed) PassBRC 833 341 ERC 263 3 56
s MaBRC 2480 0048 131 NS BRC 2070 003 1.90 NS
Nurnber of Fatalities Pass BRC 1089  0.037 ERC 308 0.02
. NoBRC 2480 104 082 NS BRC 2020 1.08 143 NS
Nimberu ke nited PassBRC 1088 103 ERC 208 111

Note. NS indicates that the difference between group means is not significant.
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Drivers with BRC Pass vs. Drivers with ERC Pass

For this set of comparisons, we compared those who passed the BRC (but not ERC) to
those who passed the ERC.

Driving Records and Crash/Driver Characteristics

Generally speaking, the driving records of the BRC and ERC passers are highly similar,
though there are a few notable differences. ERC crashers were significantly older (43
years), on average, than their BRC counterparts (35 years). The greater age of ERC
crashers may be also a proxy for increased experience and increased exposure, which
may explain the increased previous speeding count of ERC crashers. In the few other
significant differences which were detected in our analyses, the ERC drivers were
otherwise slightly safer than their BRC counterparts.

ERC crashes were slightly more likely to occur in rural areas and riding motorcycles with
bigger engines, but ERC crashers were not less likely to: be DUI, involved in single
vehicle crashes, crash in adverse environmental conditions, or have a passenger. Also,
the location (intersection, relative to roadway) and type of crashes (rear end, angle, hit
fixed object) were not different for the two groups.

Driver Actions

Examining driver actions implicated in the crash, ERC and BRC crashers did not differ
on improper driving or speeding, but ERC crashers were less likely to be deemed
inexperienced and to have under- or over-compensated at a curve.

Crash Outcomes
ERC crashers had a higher average level of injury severity, but fatalities and number of
persons injured were not different when comparing ERC to BRC passers.

Taken together, there is minimal evidence of significant differences between BRC vs.
ERC drivers who were involved in a crash. ERC crashers were older and more
experienced than their BRC counterparts and had a slightly higher level of injury
severity, but on the whole, these two groups of drivers and their crashes are relatively
similar.

Odds Ratios for PAMSP Pass Comparisons

As described above with respect to factors implicated in all motorcycle crashes,
relationships between passing vs. not passing a PAMSP course and crash factors can be
expressed as odds ratios. Odds ratios, calculated on 3,579 motorcycle drivers with an
initial MBAC date during the “PAMSP era” (between April 2004 and December 2007)
who crashed, are shown in Table 29.

Column 2 of Table 29 shows the odds for all PAMSP-era crashes. Reading down column

2, compared to drivers who passed a PAMSP course, if the driver did not take or pass a
PAMSP course the odds: (a) of a fatality were 1.25 times greater, (b) of speeding were
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1.5 times greater, (c) were equal if the driver over- or under-compensated at a curve, (d)
were equal if the driver committed an improper driving violation, (e) were 1.5 times
greater if the driver committed an other improver driving violation, (g) werel.5 times
greater if the driver was inexperienced, (h) were 4 times greater if the driver was DUI,
and (i) were equal if the driver wore a helmet. Columns 3, 4, and 5 present
corresponding odds for sport bike, cruiser, and unknown bike type crashes.

Note that most odds ratios shown in Table 29 were small, and that not all were
statistically significant. In some cases, the odds shown are negative (i.e., below 1::1),
indicating that the relationships are opposite to others in the same row. These findings
are expressed as positive odds in the lower portion of Table 29. Thus, if a driver passed a
PAMSP course the odds of fatality in a crash were higher (2::1) for unknown bike types,
and the odds of wearing a helmet were greater for cruiser and unknown bike type drivers
but not for sport bike drivers.
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Table 29. Odds Ratios for PAMSP Pass Comparisons
Sport Unknown
All Bike Cruiser Bike Type

Crashes Crashes Crashes Crashes

If No PAMSP Course Taken or Passed, Odds of:

Driver Fatality 1.25:1 2.1 1.25:1 0.50 :: 1*
Speeding 1501 | 1.25::1 1251 | 1.75: 1%
Over/Under Compensation at 1:1 1.25:1 1:1 1:1
Curve
Improper Driving 1:1 0.75::1 1:1 1:1
Other Improper Driving 1.5:1* 1.25: 1 1.75: 1" 1.5:1*
Inexperience 1.5: 1" 21" 1.5:1" 1.5:1*
DUI 4:1* 5:1* 5:1* 9:1*
Helmet Use 1:1 1.25:: 1 0.75:1* | 0.75::1*
If PAMSP Course Passed, Odds of:
Driver Fatality 0.75::1 0.50: 1* 0.75::1 21"
Improper Driving 1:1 1.25::1 0.75::1* 1:1
Helmet Use 1:1 0.75::1 1.25:1* | 1.256:: 17

Note. Odds ratios are calculated on 3,579 motorcycle drivers with an initial MBAC date
between April 2004 and December 2007 who crashed. Odds compare drivers who passed
an MPS course to drivers who did not take or did not pass a PAMSP course. Thus, the
likelihood of death for a driver in a crash who did not take or pass a PAMSP course is
1.25 times greater than the likelihood of death for a driver in a crash who passed a
PAMSP course. Odds less than 1 (e.g., 0.50::1) indicate an inverse relationship. Odds of
driver fatality were greater if no PAMSP course was taken or passed for all crashes, sport
bike, and cruiser crashes, but fatality odds for unknown bike type crashes were /ess if no
MPS course was taken or passed. Corresponding direct odds are shown in the second
section of the table, where odds of a driver fatality for unknown bike types are 2::1 for
drivers who passed a PAMSP course. Odds shown between 1 and 2 are rounded to the
nearest .25 percent; odds of 2::1 or greater are rounded to the nearest whole number.
Statistically significant odds (i.e., greater than chance odds of 1::1) are noted by *.
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Task 3: Strategy Development

As shown in Figure 1, a series of meetings were held throughout the project among the
researchers, the project Technical Advisor, and (as appropriate) key stakeholders who are
responsible for administering the PAMSP. These individuals possess a wealth of
knowledge, information, and insight concerning operation of the PAMSP. By virtue of
their “front line” observations and experience, they understand PennDOT’s current
practices, including variations in their applications, their effectiveness, and ideas for
improvements.

PAMSP Course Observations
Researchers attended BRC and ERC classes, in several locations, as observers. At one

BRC, a researcher participated in the class as a student. These observations provided us
with first-hand experience of instructional methods, course content, and student reactions

to these courses, as well as variability in training practices across locations. The
following chart shows locations and dates of observations.

Course Date Portion Location Observer(s)

7/20/2007 Classroom

BRC 112172007 Fleld State College, PA Hoocé/, Hoskins,
7/27/2007 Classroom ance
7/28/2007 Field
8/17/2007 Classroom

BRC 8/18/2007 Field State College, PA Renz
8/24/2007 Classroom (student & observer)
8/25/2007 Field
9/24/2007 Classroom

BRC 9/25/2007 Field Williamsport, PA Hood
9/27/2007 Classroom

ERC 9/30/2007 Field Philadelphia, PA Hood, Hoskins

ERC 10/6/2007 Field Portage, PA Hood, Vance

e 10/18/2007 Classroom Oakdale, PA Hood
10/21/2007 Field Oakdale, PA Hood

The BRC course consists of 5.5 hours of classroom training and 10 hours of skills
training in a large parking lot. The ERC course consists of 6 hours of skills training.
Students must have a valid Pennsylvania Class M license or permit to register for a
course. Motorcycles and helmets are provided for students attending the BRC; students
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attending the ERC provide their own motorcycles and helmets. Classroom training
focused on the concepts of risk, types of motorcycles, preparing to ride a motorcycle
(personal protective gear, pre-trip inspections, maintenance, basic skills discussions), and
street strategies (positioning, visibility, situations, etc.). In the classroom, and more
significantly in the field, the following skills were emphasized:

Control in limited space areas
Negotiating a curve

Cornering judgment and technique
9. Cornering ‘finesse’ — long curves
10. Stopping quickly on a curve

11. Hazard avoidance

12. Compound curves — different radii

1. Basic motorcycle features
2. Control at low speed

3. Gearing

4. Maneuverability

5. Stopping quickly

6.

7.

8.

Whether operating a car, truck, or motorcycle, there are three distinct phases to the
driving task: information, decision, and action. Roadway information leads the driver to
decide to take an action. The results of that action provide more information, which then
starts the process over again. Complicating the task of driving are motor skills necessary
to operate the vehicle, distractions for the driver such as weather conditions, etc. In
addition, many motor skills for operating a motorcycle are different than those for
operating a car. Therefore, it takes skill and experience to make safe driving decisions on
a motorcycle.

Skills in all three phases of the driving task were addressed in the observed ERC and
BRC courses, with the focus on improving skill performance. Instructors often asked
leading questions to participants who were struggling: Were they having difficulty
getting information to perform a maneuver, deciding when and what to do, or physically
performing the task? Emphasis was placed on practicing the skill maneuvers until
competency.

The courses were systematic in that they follow a logical order from providing
information on the very basics of the different types of motorcycles, locations of controls,
how to start the engine, walking a motorcycle in neutral, and progressing through
stopping quickly, avoiding hazards, negotiating curves, and controlling in limited spaces.
They were also iterative in that for each skill and goal, instructors stated the objective of
the exercise or module, explained it to the students, demonstrated it twice themselves,
had the students participate and practice, and followed up with each student after
performance so that they could adjust and improve skills. Skills practice was repeated
until competency was obtained. Therefore, the training courses appeared to increase
knowledge, influence attitudes about safety, and improve motor skills necessary to
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operate a motorcycle. Repetition of specific goals at the end of each exercise was
observed so participants have a better understanding of the skill.

Researchers observed that both the BRC and ERC curricula accommodate three basic
learning styles: visual, auditory, and kinesthetic. The courses and instructors
accomplished this through the use videos and demonstrations (visual); lecture, group
discussion, stories, questions/answers (auditory); and activities and outdoor exercises
(kinesthetic). This well-rounded approach leads to maximum comprehension and
retention.

The courses are also clearly designed for the adult learner as the basic adult learning
principles were addressed in each course as described below. The field of adult learning
was pioneered by Dr. Malcolm Knowles who identified the following characteristics of
adult learners:

e Adults are self-directed and they need to take responsibility. In each of the BRC
and ERC courses, instructors referred to themselves as facilitators and coaches
who assist participants in obtaining the basic motorcycle skills themselves through
encouragement: coaching rather than pure instruction and fact transfer. Whether it
be to operate a motorcycle safely, avoid injury and death, or even just to obtain a
license, adult participants are responsible for achieving these goals through the
training. Instructors helped to facilitate that process.

e Adults have, over time, accumulated a wealth and variety of /ife experiences and
knowledge. Researchers observed the BRC and ERC instructors drawing out
participants' experience and knowledge relevant to the topic or skill being
practiced. For beginner drivers, they interspersed lectures and field exercises with
their own real-life experiences so that participants could relate. They also invited
experienced drivers in the class to share their experiences.

e Adults are goal-oriented. Upon enrolling in a motorcycle safety course, adults
usually know what goal they want to attain whether it be to learn to operate a
motorcycle safely, to brush up on basic skills, to learn a new technique, to avoid
injury and death, or even just to obtain a license. The ERC and BRC focused
their classroom modules and field exercises and so that the participants could
achieve those goals. The instructors facilitated the process and emphasized
specific goals throughout the class, then they explained each module, the goal of
each module, skill to be obtained, and why that skill is important. Participants
then practiced each skill to proficiency. While these goals may not have been
initially self-evident to new drivers (the goal might not mean much if they haven’t
ridden before), instructors did a good job of reviewing the goal at the end of the
skill practice so that participants could relate the skill to a real life scenario

e Adults are relevancy-oriented. They want to know why they should learn, and
researchers observed that instructors facilitated this concept by communicating
the reasoning behind training tasks and modules. The BRC and ERC courses
themselves addressed this concept by emphasizing the safety aspects of operating
motorcycles properly throughout the classroom and field portions. For each
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module, explanations were provided as to the relevancy from a safety and from a
licensing standpoint.

e Adults are practical, focusing on the aspects of a lesson most useful to them; they
may not be interested in knowledge for its own sake. The observed BRC and
ERC courses used facts to emphasize certain safety or operational points rather
than facts for knowledge alone. In addition, they focused more on why a skill
will allow a driver to operate a motorcycle more safely and efficiently. A good
example observed in the classroom was the emphasis placed on the technique to
keep one’s head up and looking through a turn rather than directly in front of the
motorcycle. Another was one participant’s comment that practicing everything
on the skills evaluation immediately before taking the test was very helpful for
skill review but also for reducing the nervousness of being evaluated.

e Asdo all learners, adults need to be shown respect. All observed instructors
acknowledged the wealth of experiences that adult participants brought to the
classroom. Participants were treated as equals and allowed to voice their opinions
freely in class, especially in the ERC. Instructors were quick to point out any
unsafe practices in the discussions.

In summary, adult participants in training want:
* achance to tailor knowledge to their own needs,
* an opportunity to interact with others during the training session,
* to understand why something is important, and
* training that will demonstrate the benefits of learning.

The current BRC and ERC courses appeared to satisfy these principles in that they were
learner-centered, encouraged a great deal of interaction, and emphasized practice to
obtain necessary skills. The exercises in the outdoor portion of the training focused on a
goal, an acquisition of a specific skill, and practice and testing of that skill in order to
achieve successful completion. Instructors served as mentors in this process allowing
people to learn at their own pace, recognize any problems and self-correct with minor
prompting.

The observed courses were remarkably consistent across the state. At the same time,
instructors were able to adjust their training a bit during discussions of typical scenarios
and key required skills for their geographic setting. For example, in the course in
Philadelphia, more time was invested in driving techniques in urban areas and at
signalized intersections, while in Portage, more time was invested in driving techniques
for rural settings.

Informal interviews with participants in each of the training sessions indicated high
satisfaction with curriculum delivery as implemented by instructors. They indicated (and
it was observed) that instructors implemented instructional strategies that utilize adult
learning principles. Observations indicated that instructors:
e had good rapport with students,
¢ utilized hands-on demonstration and practice activities whenever possible in the
field,
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o utilized appropriate videos as needed in the classroom,

e varied delivery strategies to include a variety of learning preferences, and

e actively guided students to engage with each other and the content in both the
classroom and the field.

From an instructional technique standpoint, as discussed above, instructors were more
facilitators than traditional lecturers. They allowed participants to interact and learn from
their own mistakes. They built confidence in the participants as evidenced by numerous
comments to researchers. Participants were able to self-correct basic errors through
practice, and instructors did not stop exercises in the middle or provide significant
negative feedback unless injury could have resulted. Therefore, errors were allowed at
the basic/safest levels, and adults learned to self-correct through reminders and limited
guidance. Instructors also consistently provided positive feedback to encourage and
reinforce developin